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Acronyms and Abbreviations

AFUE annual fuel utilization efficiency

AHJ authority having jurisdiction

AHRI Air Conditioning, Heating, and Refrigeration Institute

AHU Air-handling unit

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning
Engineers

BAS building automation system

bhp brake horsepower

Btu/h British thermal unit per hour

CBECS Commercial Buildings Energy Consumption Survey

cfm cubic feet per minute

COP coefficient of performance

Cx commissioning

Cz climate zone

DCV demand control ventilation

DOAS direct outdoor air system

DOE United States Department of Energy

DX direct expansion

EER energy efficiency ratio

ERV energy recovery ventilation

FPC finite population correction

FCU fan coil unit

hp horsepower

HVAC heating, ventilation, and air conditioning

IBC International Building Code

ICC International Code Council

IECC International Energy Conservation Code

IMT Institute for Market Transformation

kw kilowatts

LPD lighting power density

MBh thousand British thermal units per hour

MERV minimum efficiency reporting value

NFRC National Fenestration Rating Council

OA outdoor air

OAT outdoor air temperature

PNNL Pacific Northwest National Laboratory
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PTAC
PTHP
SAT
SEER
SHGC
SO0
SRR
VAV
VFD
VSD
WSHP
WWR

Acronyms and Abbreviations

packaged terminal air conditioner
packaged terminal heat pump
supply air temperature
seasonal energy efficiency ratio
solar heat gain coefficient
sequence of operations
skylight to roof ratio

variable air volume

variable frequency drive
variable speed drive

water source heat pump
window to wall ratio
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1.0  ntroducti on

This version supersedes a prior version, PNNL-32157. Previous sample sizes were calculated
based on stratified survey sampling formulas. New (lower) sample sizes were calculated based
on regression standard deviation and corresponding Coefficient of Variation (CV) estimates.
The regression analysis was able to leverage all data points across strata rather than only those
data points in a single stratum, leading to smaller standard errors and CV values, and thus
lower sample sizes than the survey sampling approach. A minimum sample size of ten is now
imposed prior to calculating the median CV and sample size and used for cases when CV =
N/A.

I n support of the U.S. DGeommaercialBeildirigs Enérgy Eode Fiegdy 6 s ( DO
Study (DOE Field Study)* this data collection methodology and protocol (DOE Commercial
Methodology) provides guidance on all aspects of undertaking a compliance study, from
development of a sampling plan to recruitment to code requirements and compliance checks for
each energy code measure specified to be collected. The protocol also includes a data
collection form that captures all key information needed for analysis of commercial energy code
compliance. This methodology was developed by the Institute for Market Transformation in
coordination with Pacific Northwest National Laboratory (PNNL) and the U.S. Department of
Energy (DOE) Building Energy Codes Program with the objective of assisting states,
jurisdictions, utilities and others as they seek to measure and demonstrate compliance rates
with energy codes in commercial buildings, as well as to target areas for improvement through
increased energy code compliance and broader energy-efficiency programs. It is also intended
to facilitate a consistent and replicable approach to research studies of this type and establish a
transparent data set representing baseline construction practices across the U.S.

DOE is directed to participate in industry processes to develop model building energy codes,
issue determinations as to whether updated codes result in energy savings and provide
technical assistance to states to support code implementation?. In recent years, the DOE
Building Energy Codes Program has emphasized assistance for states demonstrating
compliance, and accompanying workforce education and training initiatives, with the ultimate
goal of ensuring that cost-effective savings promised by building energy codes are fully realized
by U.S. households and businesses. Previously, DOE developed a commercial compliance
methodology and associated tools focused on determining a percentage-based compliance rate
at the state level. This was completed in 2010 to support the American Recovery and
Reinvestment Act of 2009. The approach calculated an average compliance score for a sample
set of buildings based on a binary decision (i.e., yes or no) indicating whether individual
requirements met code. The percentage of requirements where the building complied
established the score for each individual building. This approach did not explicitly distinguish
between varying levels of non-compliance nor did it evaluate the energy impact of individual
requirements.

To move from a binary assessment of commercial building code compliance to a compliance
methodology that focuses on estimating lost savings due to non-compliance, PNNL developed a
new methodology in 2014. This updated methodology was capable of determining, for a sample
of buildings, the amount of energy cost savings that could potentially be gained through better
compliance with the code.

1 https://www.energycodes.gov/compliance/energy-code-field-studies
2 hitps://www.energycodes.gov/about/statutory-requirements

Introduction 1
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PNNL tested this new approach in a pilot study of nine office buildings in climate zone 4C.
Following on the development of the new method and a pilot field test, in 2016 DOE released a
Funding Opportunity Announcement (FOA) to test and finalize the methodology by scaling the
field test to two additional climate zones and a larger sample of commercial buildings. The
current report documents the completed development of this version of the methodology.

This updated DOE Commercial Methodology is based on key itemsd a subset of code
requirements identified as having the largest direct impact on commercial energy efficiency.
Plan review and field data for these items, in addition to basic information about a building, is
collected from permitting departments and newly constructed commercial buildings from a
defined geographic area (usually an entire state).

The DOE Commercial Methodology is provided primarily for states and other entities conducting
their own studies and will help ensure that results are comparable with similar research. The
resulting findings will be of value to a diverse set of stakeholders, including state energy offices,
local governments and their building departments, builders and contractors, utilities and
policymakers. Ideally, states would conduct a study using the DOE Commercial Methodology
every 3i 5 years to establish trends in commercial new construction and identify areas of
change. Ultimately, the results can be used to identify savings opportunities, develop more
effective and targeted training programs, create and validate more accurate energy forecasts,
inform industry consensus processes, and serve as a baseline for broader energy-efficiency
programs and R&D efforts.

Introduction 2
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20 Measures and Building Types

The DOE Commercial Methodology has been developed for commercial office and retalil
buildings in Climate Zones 2A and 5A only. For expansion to new climate zones and new
building types, key measures may need to be analyzed and re-ranked based on worst-case
analysis to determine potential levels of impact for investigation in those cases. A worst-case
analysis could be completed in advance of future field studies. However, actual results will of
course vary with field data from future studies.

21 Key Measur es

The following is the identified list of key measures on which data collection is focusedd those
with the greatest direct impact on commercial energy consumption. These form the foundation
of the DOE Commercial Methodology and drive the data analysis and resulting savings
projections. Measures identified here will not be applicable to all IECC or ASHRAE versions and
are identified based on code and standard section in Appendix B. The 67 key measures in the
DOE Field Study are:

A. Envelope

1. Roofs shall be insulated to meet climate zone (CZ) requirements
Low-slope roofs in CZ 1i 3 shall be cool roofs
Above-grade frame walls shall be insulated to meet CZ requirements
Above-grade mass walls shall be insulated to meet CZ and density requirements
Exterior frame floors shall meet the insulation requirements
Exterior mass floors shall meet the minimum R-value or U-value by assembly type

Opaque rollup doors shall meet U-factor requirements

PN R LN

Window-to-wall ratio shall meet maximum limits
9. Skylight-to-roof ratio shall meet maximum limits
10. Windows shall meet U-factor requirements
11. Windows shall meet SHGC requirements
12. Skylights shall meet U-factor requirements
13. Skylights shall meet SHGC requirements
14. Building shall meet continuous air barrier requirements
15. Stair and shaft vent leakage
16. Building entrances shall be protected with an enclosed vestibule
17. Fenestration orientation
B. Mechanical/Plumbing
1. Packaged air conditioner efficiency
2. Packaged heat pump efficiency

3. Gas furnace efficiency

Measures and Building Types 3
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Boiler efficiency

WSHP efficiency

Air-cooled chiller efficiency
Water-cooled chiller efficiency

e

Heat pump supplementary heat control

9. Thermostat deadband requirement

10. Thermostat heating setback

11. Thermostat cooling setback

12. Night fan control

13. Optimal start controls

14. Snow and ice-melting system control

15. Demand control ventilation

16. Energy recovery requirement

17. Exterior (outside building) duct insulation

18. Duct leakage requirement

19. Hydronic piping HW insulation requirement
20. Mechanical commissioning

21. Fan power limit requirement for Pkg AC

22. Fan power limit requirement for VAV

23. Outdoor heating: radiant and controlled

24. Economizer supplies 100% design supply air
25. Water economizer capacity meets requirements

26. Multi-zone reheat systems shall be VAV with appropriate zone minimums, and fans
with motors Othreshold hp shall be variabl e ¢

27. Static pressure reset for multi-zone VAV fans
28. Each WSHP in a system exceeding 10 hp pump shall have a two-position valve
29. Multiple chillers shall reduce flow when a chiller is shut down
30. Multiple zone HVAC systems shall have supply-air temperature reset controls
31. VAV ventilation optimization
32. Single-zone VAV
33. Parking garage fan controls
34. Zone isolation
35. SWH pipe insulationd Recirculated
C. Lighting/Electrical
1. Manual lighting control

Measures and Building Types 4
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10.
11
12.
13.
14.
15.
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Automatic time switch control
Occupancy sensor control
Daylighting control

For large, high-bay spaces, total daylight zone under skylights at least 1/2 of floor
area

Display lighting control

Lighting for nonvisual applications shall be controlled separately
Exterior lighting control

Interior lighting power allowance

Additional retail lighting power allowance

. Exterior lighting power allowance

Occupant-based parking garage light control
Receptacle controls

Lighting testing or commissioning

Optional on-site renewables

The preceding measure list was developed for commercial office and retail buildings in Climate
Zones 2A and 5A only. Many of these measures could also apply to additional building types
and climate zones. There could be additional measures that would be worthwhile to consider
adding to this list when investigating other building types. For example, additional measures that
could be considered for multifamily buildings include:

1.

@ N oo RN

9.

10.
11.
12.

Gas boiler efficiency for central DHW

PTAC efficiency

PTHP cooling efficiency

PTHP heating efficiency

Ductless minisplit cooling efficiency

Ductless minisplit heating efficiency

Water heater efficiency, Gas storage in dwelling unit
Water heater efficiency, Electric storage in dwelling unit
Water heater efficiency, Electric tankless in dwelling unit
Heat traps for DHW storage tanks

Central DHW demand recirculation controls and/or heat trace
Central DHW temp maintenance system

Measures and Building Types 5
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22 Applicable Commerci al Building Types

This methodology has been developed for commercial office and retail buildings only. The
following building subtypes have been determined to comply with the definitions of commercial
office and retail building construction (Table 1). A full accounting of activities and subcategories
reviewed for inclusion in this study is presented in Appendix C. Additional building types,
subcategories, and descriptions are available in the Commercial Buildings Energy Consumption
Survey (CBECS).!

Table 1. Applicable Building Activities and Categories

Principal
Activity Subcategory Description/Examples
Vehicle dealership/ Dealership or showroom for vehicles or boats
showroom
Department store, furniture, clothing, hardware, sporting
goods, office supplies, drugstore, bookstore, building
Retail other Retail store? supplies, auto parts, lumber, home improvement, farm
than mall equipment, lawn and garden, floral, crafts, gifts, antiques,
pawn shop, wholesale club.
Beer, wine, or liquor store;? rental center, such as for
Other retalil equipment furnishings or movies; studio or gallery;
showroom; wholesale supply.
Strip shopping center buildings containing establishments
Strip shobbin that are operated independently of each other; strip
b shopping Strip shopping mall* shopping center buildings that are reported at the building
mall : . L :
level in the Commercial Building Energy Consumption
Survey.
Administrative or professional such as consulting,
Administrative/ insurance, law, utilities, publishing, or college
professional office administration; nonprofit or social services; religious office;
research and development; sales or leasing office.
Bank/other financial Bank, credit union, home finance
Office Government office Government office, city hall, city center
Medical office Doctor's or dentist's office that did not report equipment for
(non-diagnostic) medical diagnosis or treatment.
Mixed-use office Mixed-use office

Call center; contractor's office such as construction,

Oifen eiiee plumbing, or HVAC.

1 https://www.eia.gov/consumption/commercial/building-type-definitions.php

2 Chain retail stores should be limited to three per chain, and further limited to no more than two per
designer or contractor.

3 Liquor stores should be limited to those with small amounts of refrigeration. Areas of large beer coolers
that begin to mimic the typical amount of refrigeration found in convenience stores should be avoided.

4 Assuming the strip and multiple tenants fit into the requirements for building recruitment, an individual
center can be used three times: once for the core and shell construction, and up to two more times for
tenant fit-out construction.

Measures and Building Types 6
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30 Sampl ing Plan Devel opment

The DOE Commercial Methodology requires the project team to define a geographic area for
data collection and create a sampling plan of commercial buildings within that area. The
sampling plan will at a minimum specify the number of each building type required to be
included in data collection and may specify the number of observations needed for each, or a
subset of, key measures.

The sampling plan has two main purposes: 1) to determine target numbers for buildings to
include in the field study, within relevant size strata and building types; and 2) to identify
jurisdictions within each state (or geographic areas within each city) in which to prioritize
recruitment of participating buildings.
The development of the sampling plan includes the following steps:

1. Enumerate population of construction starts
Stratify population
Determine sample size by stratum
Allocate stratum sample sizes to geographic areas

Calculate measure sample size requirements

S

Review and finalize

These steps follow a set of recommendations with potential modifications based on building size
strata, geographic proportionality, and required level of statistical accuracy as presented below.
Projects can be successfully completed by generating a simple sampling plan using only Steps
1-3 and 6. Steps 4 and 5 can be used to develop more detailed sampling plans depending on
the goals and needs of each study.

3.1.1  Step 1: Enumerate Population of Construction Starts

Data sources for identifying construction starts. Project teams have two primary options for
estimating building construction starts sizes: purchasing data from Dodge Data and Analytics?,
or making direct requests to permitting jurisdictions. Collecting data from jurisdictions is labor
intensive, with results hinging directly on the willingness of the jurisdictions to provide timely
support and quality of provided data. Depending on the time and cost constraints on the project
team implementing the DOE Commercial Methodology, either method is viable for determining
populations.

Project teams should note that in most states and smaller geographic areas (i.e., counties or
cities) it is unlikely that there will be sufficient numbers of construction starts to create a
sampling plan that can return a high degree of statistical confidence within these areas due to
the variety of commercial construction typologies combined with the variations in compliance
and construction methods to comply with the commercial energy code.

1 Review most-recent available Dodge Data

T If you believe data are accurate for purposes of enumerating the population of new
starts, and prioritizing jurisdictions to collect data in, skip to Step 2.

1 https://www.construction.com/

Sampling Plan Development 7
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T If you do not believe is the data are accurate, propose an alternative approach.
Examples include:

3 Direct data collection from major jurisdictions
3 Available census data
3 Available GIS or other data set maintained at the jurisdiction level
9 Define alternative data needs:
i Define why you believe the alternative data source is more accurate.

T Information required: You will need, at minimum, building type, building size, and
permitting jurisdiction to complete the steps in this process.

T Timeline: At least 12 months, but ideally in line with a calendar year so potential faults in
Dodge Data can be assessed.

T Filter to qualifying office and retail buildings using the guidance in Table 1.

3.1.2  Step 2: Stratify Population
1 Create a table with counts of new starts by building type by size stratum:
i Small (025,000 sq. ft.)
i Medium (>25,000 sq. ft. and 060,000 sq. ft.)
T Large (>60,000 sq. ft. and <250,000 sq. ft.)
i Xl arge (>250,000 sqg. ft. and 0400, 000 sq. ft.)
T XX-large (>400,000 sq. ft.)
Table 2. TEMPLATE: Stratified Population (Number of New Starts)
Stratum Office Retail
Small (<25,000 sq. ft.)

Medium (>25,000 1 <60,000 sq. ft.)
Large (>60,000 i <250,000 sq. ft.)
Extra-Large (XL) (>250,000 i <400,000 sq. ft.)

Extra-Extra-Large (XXL) (>400,000 sq. ft.)

TOTAL BUILDINGS

3.1.3 Step 3: Determine Sample Size by Stratum

The practitioner should review the stratified population sizes. If each stratum population is
sufficiently large, sample sizes can be calculated as described here. Otherwise, two alternative
approaches are provided below.

Sample sizes should be calculated within each stratum based on its population size, assumed
CV, and desired confidence and precision of results. Standard sample size formulas that apply

Sampling Plan Development 8
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finite population correction (FPC) should be used.! Applying FPC reduces the number of
observations required to meet confidence and precision targets in small populations, such as
commercial new starts.

The following table provides sample sizes for a range of population sizes and CV values. These
population sizes are nominal. The CV values are based on average building present value of
lost savings ($/kSF) and total and standard deviation in the sample data collected in a previous
study (Tyler et al., 2023). The low, mid, and high CV values were set to 1x, 2x, and 3x of the
sample CV, respectively. Sample sizes were calculated using the FPC and with 80%
confidence/20% precision targets.

Table 3. Sample Sizes for a Range of Population Sizes and CV Values

Population Sample Size
Size Confidence  Precision with FPC

Assumptions (New Starts) CVv Level Target (New Starts)
Small population size & low CV 20 1.08 80% 20% 15
Small population size & mid CV 20 2.15 80% 20% 19
Small population size & high CV 20 3.23 80% 20% 20
Large population size & low CV 200 1.08 80% 20% 39
Large population size & mid CV 200 2.15 80% 20% 98
Large population size & high CV 200 3.23 80% 20% 137

The practitioner should calculate sample sizes based on the population size of new construction
starts in their study, as determined in Step 2. CV values from the previous study can be used or
they can be updated based on additional information available for the study. To generate a
simplified sampling plan, a CV value from the table above (i.e., assume 1.08 for low expected
CV, 2.15 for mid expected CV, or 3.23 for high expected CV) is recommended. The resulting
sample sizes should be reported in a table like the following template.

The CVs and sample sizes provided above are based on the results of one previous study and
intended to provide input for future studies. Upon completion of a new study, data collected
therein should be used to calculate the lost savings estimates, corresponding observed CV
values, and precision for each measure in that study. It is important to appreciate the iterative
nature of using prior information to inform future studies which then calculate these values anew
using collected data. Further, CV values based on the collected data will differ from those
provided above, which will impact the calculated precision for that study.

1 Standard sample size calculation with FPC: first calculate & ——— and then apply FPC to

calculate the stratum sample size & , where N is the stratum population size.

Sampling Plan Development 9
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Table 4. TEMPLATE: Stratified Sample Sizes
Assumed Sample Assumed Sample

CV for Size for CV for Size for
Stratum Office Office Retail Retail

Small (<25,000 sq. ft.)

Medium (>25,000 7 <60,000 sq. ft.)
Large (>60,000 1 <250,000 sq. ft.)
Extra-Large (XL) (>250,000 i <400,000 sq. ft.)

Extra-Extra-Large (XXL) (>400,000 sq. ft.)

TOTAL BUILDINGS

In many cases, upon reviewing the strata population sizes from Step 2, the practitioner may
determine that using a census sampling approach for some strata is warranted or that
combining strata would provide an improvement.

Census sample approach. Large, XL and XXL buildings are important for inclusion in the
sampling plan for two key reasons: 1) greater quantities of energy savings are at stake; 2) they
commonly contain energy efficiency measures such as complex HVAC equipment and lighting
controls not present in smaller buildings. Therefore, to the extent that such measures are of
importance to the study, the project team must get into large buildings to find them.

The number of newly constructed large, XL and XXL buildings may be relatively low across the
study area, even in populous and economically vibrant areas. Where they are scarce, it is
recommended that the study employ a census approach?, while recognizing that timing and
recruitment constraints will likely not result in 100% inclusion. In these cases, the sample sizes
can be set equal to the population sizes in the sampling plan, with a note explaining the
rationale.

Alternative approach. Assess the population sizes and adjust strata definitions as necessary.
In cases where large, XL, and/or XXL new start population sizes are too small for the sample
plan approach above but do not justify a census sample approach, strata can be combined as
follows.

1 Where there are small populations of XL and XXL buildings, combine those size strata with
the large strata and redefine all strata as follows:

i Small (025,000 sq. ft.)
i Medium (>25,000 sq. ft. and 075,000 sq. ft.
T Large (>75,000 sq. ft.)

1 Where appropriate, small and medium may also be combined into a single category, thereby
creating only two size strata.

1 Review the new start populations based on the final strata.

1 A census approach selects all of the new starts in a particular stratum, compared to a sampling
approach, which selects a subgroup of new starts (often at random).

Sampling Plan Development 10
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9 Determine a sample size in each stratum using a standard sample size calculation
described above.

Sample sizes should be included within the final strata in a table like that shown in the following
template, updated based on final strata definitions.

Table 5. TEMPLATE: Sample Size by Stratum with Two Final Strata

Stratum Office Retail
Small/ Medium (075, 0

Large (>75,000 sq. ft.)

TOTAL BUILDINGS

For many simple applications of this protocol, practitioners can choose to stop here, the sample
generated through Step 3 can be used to understand the building stock compliance by providing
qualitative directional information. Teams wishing to use a simplified method can skip to Step 6.

3.1.4  Step 4: Allocate Sample Sizes to Geographic Areas

Often, development of a sampling plan that includes geographical considerations of the
individual states or other bounded areas is valuable, especially if study results are intended to
inform stakeholder or political decision making in those areas. Alternatively, study resources
(time and cost) are often limited, such that concentration of sampling in areas with high
construction volume would be the most efficient use of resources.

The goals of the study should be reviewed to determine if a specific distribution of the sample
over geographic areas is required. Options may include allocating the sample sizes equally to
all areas, allocating proportional to the new starts in each area, and/or allocating more sample
points to some areas and fewer or none to others. Not all allocation options will be possible or
necessary for all studies. The office in charge of the study should consult with stakeholders to
determine if any geographic sampling requirements are desired. If not required, skip to Step 5.

Geographic sample allocation.

1 One method for creating a sampling plan with geographic proportionality is presented in the
DOE Residential Energy Code Field Study (DOE, 2018) Appendix B and can be used with
commercial data if desired.

1 A geographically representative sampling plan of commercial buildings should ensure the
larger size strata are able to be collected in each geographic area. Large, XL, and XXL
buildings are more likely to be constructed in dense population areas and sample sizes may
need to be allocated in higher numbers to a select set of jurisdictions to ensure data
collection of these building sizes is feasible.

For many simple applications of this protocol, practitioners can choose to stop here, as the
sample generated through Step 4 can be used to understand the building stock compliance by
providing qualitative directional information. Teams wishing to use a simplified method can skip
to Step 6.
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3.15 Step 5: Calculate Measure Sample Size Requirements

The sample sizes calculated through Step 3 will provide statistically significant building-level
results with the specified precision and confidence levels (e.g., 80% confidence and 20%
precision), provided the observed CVs in the collected data are similar to those assumed in the
sample size calculation. If a goal of the study is to achieve statistical significance at other
level(s) (e.g., measure-level), then corresponding sample sizes must be calculated. If these
sample sizes are not achieved, results could end up providing qualitative directional information
rather than quantitative statistically significant results.

Given that measure-level statistical significance is often of interest, guidance based on a
previous study (Tyler et al., 2023) is provided here. Present value lost energy savings ($ per
kSF) from each verified measure was estimated using a regression analysis and the resulting
standard errors were used to derive CV values for each measure, which were used to calculate
future sample size requirements for estimating mean lost savings with 80% confidence and 20%
precision in a new study. The following table provides measure categories and descriptions, the
number of observations used to calculate the CV in Tyler et al. (2023), and the sample sizes in
terms of the number of verified measures that would be required to measure lost savings in a
futurestudy.CV entries are ANAO when too few observatior
size or when there was no variation in the observations (i.e., all measures were compliant and
the standard error was zero, resulting in CV equal to zero). For these measures, we used the
median CV and corresponding sample size (median CV=0.84 and sample size n=29). The
resulting CV values were between 0.35 and 0.91. When the CV values were estimated based
on fewer than n=10 observations, the sample sizes were set to n=29, corresponding to the
median CV; a minimum sample size of n=10 was enforced. No FPC was applied for measure
sample sizes because measure population sizes were unknown. The resulting measure sample
sizes ranged from 22 to 35.

During the study, the practitioner should compare the number of verified measures to the
sample sizes below to manage expectations about achievable precision. For example, consider
the first measure in the table specifying that roofs shall be insulated to meet CZ requirements,
where the sample size in the table is 31 verified measures (based on CV=0.87). If the study is
on track to collect fewer verified measure observations, then the precision of final lost savings
estimates could be worse than 20% (at 80% confidence). On the other hand, if the study is on
track to collect a greater number of observations or if the variability of observed present value
lost savings is lower than in Tyler et al. (2023)8 leading to a lower CV, then the precision could
be better than 20%.

Table 6. Sample Size by Measure

Number of .
Sample Size

for 80/20

Category Description Observed CVv
Measures

Roofs shall be insulated to meet CZ

Envelope ; 103 0.87 31
requirements

Envelope Ir_gc\)l}/sslope roofs in CZ 1-3 shall be cool 13 0.74 23

Envelope Above grade frame walls shall be o5 0.76 o

insulated to meet CZ requirements

Sampling Plan Development 12
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Number of
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Sample Size

for 80/20

Envelope

Envelope

Envelope

Envelope
Envelope
Envelope
Envelope
Envelope
Envelope
Envelope

Envelope
Envelope
Envelope

Envelope

Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing

Above grade mass walls shall be
insulated to meet CZ and density
requirements

Exterior frame floors shall meet the
insulation requirements

Exterior mass floors shall meet the
minimum R-value or U-value by
assembly type

Opagque rollup doors shall meet U-
factor requirements

Window-to-wall ratio shall meet
maximum limits

Skylight to roof ratio shall meet
maximum limits

Windows shall meet U-factor
requirements

Windows shall meet SHGC
requirements

Skylights shall meet U-factor
requirements

Skylights shall meet SHGC
requirements

Building shall meet continuous air
barrier requirements

Stair and shaft vent leakage

Building entrances shall be protected

with an enclosed vestibule
Fenestration orientation

Packaged air conditioner efficiency
Packaged heat pump efficiency
Gas furnace efficiency

Boiler efficiency

WSHP efficiency

Air-cooled Chiller efficiency
Water-cooled chiller efficiency

Heat pump supplementary heat control

Thermostat deadband requirement
Thermostat heating setback
Thermostat cooling setback

Night fan control

Optimal start controls

Snow and ice-melting system control
Demand control ventilation

Energy recovery requirement

Duct insulation requirement

105

45

170

83

17

10

81
87
187

66
22
105
85
45
NA

NA

14
21
138
13
158

44

0.87

0.72

NA

0.77

0.81

0.85

0.77

0.73

0.72

0.72

0.84
0.79
0.85

0.82
0.78
0.87
0.79
0.77
NA
0.35
NA
NA
0.75
0.76
0.82
0.74
0.88
0.35
0.82
0.72
0.56

32

29

29

25

28

30

25

22

29

29

29
26
30

28
25
32
26
25
29
29
29
29
24
24
28
23
32
29
28
29
29
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Number of
Observed
Measures

PNNL-32157-Rev.1

Sample Size

for 80/20

Mechanical/Plumbing
Mechanical/Plumbing

Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing

Mechanical/Plumbing
Mechanical/Plumbing

Mechanical/Plumbing

Mechanical/Plumbing

Mechanical/Plumbing

Mechanical/Plumbing

Mechanical/Plumbing

Mechanical/Plumbing

Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Mechanical/Plumbing
Lighting/Electrical
Lighting/Electrical
Lighting/Electrical
Lighting/Electrical

Lighting/Electrical

Lighting/Electrical
Lighting/Electrical

Lighting/Electrical
Lighting/Electrical

Lighting/Electrical

Duct leakage requirement

Hydronic Piping Insulation
Requirement HW

Commissioning requirement
Fan power limit requirement for PkgAC
Fan power limit requirement for VAV

Outdoor heating shall be radiant and
controlled with occupancy sensor

Economizer supplies 100% design
supply air

Water economizer capacity meets
requirements

Multi-zone systems shall be VAV and
fans with motors O
have variable speed, variable pitch
axial, or fan demand reduction

Static pressure sensors used to control
VAV fans shall be properly placed

Each WSHP in a system exceeding 10
hp pump shall have a two-position
valve

Multiple chillers shall reduce flow when
a chiller is shut down

Multiple zone HVAC systems shall
have supply-air temperature reset
controls

VAV ventilation optimization

Single zone VAV

Parking garage fan controls

Zone Isolation

SWH Pipe Insulation - Recirculated
Manual lighting control

Automatic time switch control
Occupancy sensor control
Daylighting control

For large, high-bay spaces total
daylight zone under skylights at least
1/2 of floor area

Display lighting control

Lighting for nonvisual applications shall
be controlled separately

Exterior lighting control

Interior lighting power allowance

Additional retail lighting power
allowance

135

22
12
NA

24

NA

NA

N

12
65
156
101

73

15

214
147

39

0.72
0.81

0.78
0.76
NA

0.73

0.78

NA

0.35

NA

NA

NA

0.35

NA
NA
0.56
0.35
0.65
0.76
0.81
0.87
0.86

0.79

0.75
0.35

0.91
0.85

0.81

29
28

25
24
29

29

25

29

29

29

29

29

29

29
29
29
29
29
24
27
32
31

26

24
29

85
30

28
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e Il 97 Sample Size

Category Description Observed for 80/20

Measures =
Lighting/Electrical Exterior lighting power allowance 1901 0.86 31
Lighting/Electrical Parking garage lighting controls 1 NA 29
Lighting/Electrical Plug load controls 14 0.75 24
Lighting/Electrical Lighting Testing or Commissioning 168 0.91 34
Lighting/Electrical Optional on-site renewables NA NA 29

The following table provides a summary of CV values for cases where individual measures are
different from those listed above, no prior information on CV exists, and the CV is expected to
be higher or lower than listed in the table above.

1 Individual verified measures: provides the maximum, 75" quartile, and median CV values
from the table above (Tyler et al., 2023). These CV values can be used if information is
available to indicate that variation in the new study is expected be similar to the results
above (use the median), a bit higher (use the 75™ quartile), or much higher (use the max
CV).

1 Combined measures within building type & climate zones: provides the maximum, 75®
guartile, and median CV values when verified measures were combined within each building
type and climate zone stratum (Tyler et al., 2023). Use similar guidance as in the first bullet
about which CV to use based on expectations about variability.

1 Combined measures within building type: provides the maximum and minimum CV values
when verified measures were combined within each building type stratum. Only two building
types were included in the study, so no quartiles were observed. Use the similar guidance
as in the first bullet about which CV to use based on expectations about variability.

Table 7. Summary of CV Values and Sample Sizes

Confidence Precision

Results Level Target Sample Size (Measures)
Maximum  0.91 80% 20% 35 (per measure)
Individual verified measures = 75th quartile 0.87 80% 20% 32 (per measure)
Median 0.84 80% 20% 29 (per measure)
Combined measures within Maximum  3.96 80% 20% 645 total
building type & climate o
zones Minimum  2.63 80% 20% 284 total
building type Minimum  3.99 80% 20% 655 total

The CVs and sample sizes provided above are based on the results of one previous study and
intended to provide input for future studies. Upon completion of a new study, data collected
therein should be used to calculate the lost savings estimates, corresponding observed CV
values, and precision for each measure in that study (using a similar regression analysis as that
used to determine the values above). It is important to appreciate the iterative nature of using
prior information to inform future studies which then calculate these values anew using collected
data. Those published results can then be used to inform additional future studies.
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The number of measures will be unknown prior to recruiting sites, reviewing plans, and
completing site visits. Thus, sample sizes in terms of new starts (buildings) tend to be more
helpful than measure sample sizes during project planning, budgeting, and recruiting.
Unfortunately, the number of measures is not a direct function of the number of sites.

If the intent is to rank measures by lost savings or to assign lost savings at the measure level
with a reasonable degree of confidence and precision, it is important to achieve a measure level
sample size following the approach outlined above. This may require sampling additional sites
to collect sufficient data for a specific measure. It is important to understand that the sample
sizes listed above may not be attainable and the final achieved sample sizes will not be known
until site visits have been completed. Further, CV values based on the collected data will differ
from those provided above, which will impact the calculated precision of each measure for that
study.

3.1.6  Step 6: Finalize and Review
The final sampling plan should include description of data sources, table with building
population figures by strata, and prioritized jurisdictions. Sampling plans should be reviewed

and assessed periodically throughout the data collection process to make necessary
adjustments based on available buildings.

Sampling Plan Development 16
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The data collection protocol was developed for use primarily with projects pursuing prescriptive
or envelope trade off paths under the 2012 International Energy Conservation Code (IECC) and
ASHRAE Standard 90.1-2010; however, it is easily adapted to other versions of the codes and
standards. States assessing other code versions, or significantly amended versions of the
model code, may need to modify the protocol. It is the responsibility of the data collection team
for each state to be knowledgeable of the state energy code and its provisions. For projects
using the performance path, additional information may be needed by data collectors for quality
assurance and data analysis.

The protocol details what key information should be sought and how that information is entered
into the data collection form. In addition, it provides field teams with instructions on completing
plan reviews and field observations, as well as insight on valuable best practices.

Data Collection is based on the following process (Figure 1):

r

Data Collection
‘& Protocol

QO Acather data from

N

Data Collection
; Protocol

-— AFollow plan review

rﬁ: Data Collection
) Protocol

= AFollow site visit

f « Data Collection
O Form
Yy—_

) Arollow quality

E jurisdictions to locate guidance for each guidance for each assurance process on

4+— buildings that meet measure 8 measure © complgted data

= needs of the study Data Collection (N Data Collection - collection forms

. ARecruit buildings to — Form Form AGet clarification or

O participate through revision as necessay

@ one of four methods: C_G ANote code ARecord observed ATransfer data for

X Awalk Up/Cold Call requirement conditoins analysis
ABldg Dept Leads ANote plan review ATake photos for each O}
AOwner Leads N findings N measure and record N
ANetworki AAssign building and photos based on

L etworking assembly IDs building IDs
Figure 1. Data Collection Process
41 Buil ding Recruitment

To begin, each team must find buildings that fit within the parameters of the study and recruit
them to fulfill the project sample. Project teams should gather and review basic building permit
information from multiple jurisdictions before any outreach begins by researching the online
permit information and making direct requests to departments. With permit information in hand,
project teams will need to identify buildings that would qualify for the study, and begin to contact
builders, designers, or code officials for permission to go on site.

Building recruitment strategies can take on multiple forms. Four primary recruitment methods
are described here, along with potential successes and obstacles.

4.1.1

Building Department Leads

Description: Collect permit lists from counties and cities within the study area and identify
potential study sites based on building type, date of permit issuance, and code year. From the
permit data, request building departments put data collection teams directly in contact with

general contractors.

Data Collection
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Successes: Uses a direct connection from the building department to the contractors in the
area, which eliminates the need to cold call.

Obstacles: Involves a fair amount of follow up with contractors for scheduling. To avoid bias on
behalf of the building department, it is critical that the data collection team identify projects that
they wish to be put in touch with and not allow the building department to drive the selection.

4.1.2 Walk-Ups

Description: Collect permit lists from counties and cities within the study area and identify
potential study sites based on building type, date of permit issuance, and code year. From the
permit data, use timing of most recent inspections to determine if the building may be ready for
site visit. Data collection team proceeds directly to the construction site ready to be allowed on
site (full Personal Protective Equipment, data collection forms, etc.), asks to speak with the
general contractor, and introduces the project with a request to be allowed on site.

Successes: Relatively low recruitment time effort compared to others because a few minutes
on site will determine if the team is allowed on, rather than multiple phone calls or scheduling
emails.

Obstacles: Works best in an area where there are multiple potential sites within short driving
distance. A single building that is in a more remote location is not ideal because, if turned down,
the low time effort has been negated by a long drive. Additionally, this effort may be most
effective in projects that are still in active construction. Data collection teams should note that
this effort restricts building plan review until after the site visit has been completed. Review of
plans can be time consuming and is therefore not suggested before access is granted.

4.1.3 Owner/Developer Leads

Description: As above, collect permit lists from counties and cities within the study area and
identify potential study sites based on building type, date of permit issuance, and code year.
Using the permit data, data collection teams contact owners and property managers directly (no
third-party introduction) to describe the study and ask if they would be willing to participate.

Successes: A single owner/developer may have multiple buildings in the study area, giving a
high return on contact.

Obstacles: May involve a significant time conducting outreach and follow up. Calls may be
redirected to reach the right person. Refusals to participate can be wide ranging from lack of
interest in energy evaluation or inability to devote any resources toward the effort.

4.1.4  High-Level Networking

Description: Contact trade association and membership organization chapters, boards, and
staff of real estate, owners and construction groups to introduce the project and develop
connections and leads. Organizations and chapters may include:

9 American Institute of Architects (AlA)
9 Building Owners and Managers Association (BOMA)

9 Commercial Real Estate Development Association (NAIOP)
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1 Institute of Real Estate Management (IREM)

9 International Code Council (ICC)

1 International Council for Shopping Centers (ICSC)
9 Local Building Officials Associations

1 Urban Land Institute (ULI)

1 US Green Building Council (USGBC)

Successes: In comparison to a cold calling method of outreach, this method provides a direct
introduction through a source that is familiar to the architect, owner, developer, or contractor
and promotes broader awareness of the goals of the project. Connections through this method
can be strung together to build a larger pipeline of potential samples.

Obstacles: Will require a good amount of follow up time.

42 Pl an Revi ew

In this step, data collection teams review the building plans, project specifications, and other
available energy code compliance documentation (e.g., COMcheck! or performance-based
submissions). This allows teams to identify key information for each measure listed on the data
collection form and within this protocol. Data gathered through plan review also helps ensures a
richer data set for later analysis. Ideally, the data collection team should conduct the plan review
portion of the process prior to the field visit (though after securing clear permission to have site
access).

4.2.1 Building Department Outreach

Data collection teams should reach out to building departments to clarify the data request
protocol that needs to be followed. If required by the building department, data collection teams
are recommended to submit data requests for the necessary documents for plan review well
ahead of scheduled site visits. In most jurisdictions, once a building permit is issued, the
building permit documents are public records and can be requested directly from the building
department without filing a Freedom of Information Act (FOIA) request. Each state and
jurisdiction may have varying requirements around these requests that range from a small fee
(most common if documents need to be physically copied or printed), to requirements of
residency.

4272 Data Collection Form

The data collection form was developed to capture all pertinent information needed from plan
review and site inspection for each code measure. The form was developed for direct electronic
input which helps limit the amount of time spent transferring data. If necessary, data collection
teams can choose to fill out a printed copy of the data collection form template, understanding
that data transfer back to the digital form will be required.

1 https://www.energycodes.gov/comcheck
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The data collection form has four main sections, and the following sheets:
9 Building Information
9 Envelope
T Roof
i Walls
T Floor
T Additional Envelope Measures
1 Mechanical/Plumbing
T HVAC System
T HVAC Log
T Ventilation Controls
i Complex Mechanical Controls
T Additional Mechanical Measures
1 Electrical/Lighting
T Fixtures
i Controls
I Lighting System
i Additional Electrical Measures

4.2.3 Personally Identifiable Information

Personally identifiable information (PII) is sensitive personal information which can be used to
distinguish or trace an individual or building. For purposes of this project, these include
information such as builder name, site address, jurisdiction name, and any photographs that
may include PII, such as images of faces, the building address, or identifiable location
information. Data collection teams are required to keep such information for confidential and
only share building identifiers. The project team should have a documented plan to manage and
safeguard PII, and personnel should only have access to Pll on a need-to-know basis to
preserve appropriate anonymity of study participants. At no point should PII be transmitted or
disclosed to DOE or PNNL.

To avoid sending PII, the data collection form should include only a coded identification number,
or identifier, assigned to each building in this format: two-letter state abbreviation + a unique
number assigned by the project team. Naming Protocols are detailed in Table 3. If issues are
found during the data review process, the data collection team will be contacted with this
identifier. The data collection teams are responsible for managing raw data and ensuring that no
identifiable information is transmitted to non-authorized parties.
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Table 8. File and Folder Naming Protocols

Naming Protocol for Protocol Description Example
Building Identifier [State Abbreviation] [Triple Digit Number] FLOO1
[Building Identifier] _[Measure Number from the
PEies Data Collection Form]_[ Double Digit Number] HHOE, Sl @R
Site Photos Folder [Buil ding I denti fi er] FLO1 SitePhotos
Data Collection Form [Buil ding I dentifier] FLOl1 Form

4.2.4 Plan Review

The data collectors for plan reviews and field inspections should provide their name and note
the building identifier (as assigned by data collection teams; see PIl above) in the data collection
form before the data collection process begins. To begin, gather and enter basic building/project
information on the Building Characteristics Sheet, including the following:

1 Site contact information: Name, contact phone number, and company/organization?
1 Building location: City, county, state and zip code location, ASHRAE Climate Zone
1 Completion date and occupation

9 Building size: Gross floor area, Conditioned floor area, and number of stories (above grade
only)

1 Building type and occupancies: Indicate if project is Office or Retail as primary type.
T Typical storage areas do not need to be identified separately from the primary type.

T Include information on secondary and tertiary types of occupancy (select from list) with
% floor area for each when:

3 There are small portions (<~10%) of the building that are different from the main
office or retail occupancy (example: a small coffee shop in a large office building), or

3 The office or retail space can be clearly and separately distinguished from other
occupancies (example: ground floor retail in a large apartment building).

9 Code compliance: Select the code (IECC or ASHRAE) and year the project is constructed
under, along with the compliance path

T If the code is a state modification, select the base code and note the modification in the
comment section. If the codeis notlis t e d , sel ect ffot hero and note
the comment section.

T If the compliance path is not clearly indicated, protocol assumes prescriptive.

i For projects complying with the prescriptive or envelope tradeoff compliance paths of the
IECC, indicate which efficiency option from Section C406 is followed. If not clearly
indicated, protocol assumes LPD.

1 Building comments: Add any general comments or notes relevant to data input

1 This information is for reference and use by the data collection teams only and is not to be transmitted to DOE or
PNNL.
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Note plan review findingsf or each measur e undeionsbfthedai@@aP|l an Revi e
collection form. Where requested, note units specified along with the affected quantity (see data
collection form for units) on the data collection form.

Plan review is required in order to acclimate teams to what is expected in the field and to more

fully depict the features affecting energy use in the subject building. Data gathered through

pl ans and other sources (e.g., input from a desi gl
supplement direct observations, especially in situations where a particular measure is unable to

be observed directly, but it should never be used in lieu of field data.

Recommendations for completing the various sections of the data collection form are provided
measure by measure in Appendix A Data Collection Measures. Data collection teams are
required to fill out all the information applicable to the building, as requested in the data
collection form. Please note that cells requiring input are coded in white. Many cells include a
dropdown menu for ease of data collection. Where a dropdown is provided, use the options
given. Cells coded in gray are not to be edited. These are either descriptions or have built in
formulas to calculate information based on input to other cells. Where there are different
assemblies or equipment in parts of the building, data collection teams should log each
assembly under a different ID. All potential systems that may have multiple assemblies or
equipment types have preset IDs across the top of each data collection sheet.

Where trade off or performance path are used, data collection teams must be sure to gather all
necessary documentation for data transfer and analysis. If no information on plan review can be
found to indicate which compliance path was used, all data collection and analysis should
assume the prescriptive path.

43 Field I nspection

The DOE Commercial Methodology prioritizes field observations over data gathered through
any other source. In this step, data collection teams walk through the building and observe the
as-found condition to identify key information for each measure listed on the data collection form
for the analysis. Any discrepancies between plan review data and that observed in the field
should be clearly noted. In all cases, field data has primacy.

Project teams should determine length of study and funding to determine if a single site visit or
multiple visits will be used for data collection. If a single site visit is used, to get a diverse
sample of all measures the project team must visit buildings at a variety of stages, from framing
to early occupancy. Not all applicable measures for each building will be able to be field verified
in any single visit. Multiple site visits will not guarantee on site verification of 100% of measures
but will increase the overall number of measures verified.

4.3.1 Preparation for the Site Visit

Data collectors are advised to gather the following items for their site visit:

1 Data collection form (recommended to take a tablet on site for data entry and notes directly
into digital form)

1 Business cards and identification
9 Camera (cell phone camera is typically sufficient)

9 PPE and safety tools: hard hat, vest, gloves, mask, goggles, flashlight, ladder
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9 Technical tools: IR camera, SHGC and U-value tool, light level meter

1 Measurement tools: architect's scale for plan takeoffs, tape measure, laser measuring tool

Before arriving on site, ensure that basic information is in the data collection form (example:
name of data collector and building identifier on the cover of the data collection form). This type
of entry either in the plan review stage or in preparation for the visit will allow time-constrained
site visits to be efficient.

4.3.2 During Site Visit

Data collection teams walk through the building and note the as-found condition for each
applicable measure on the data collection form. It is required to note units where requested
along with the affected quantity (see data collection form for units).

Of critical importance to the QA and analysis process is to clearly indicate if a measure is
directly observable. This is included for each key area on the data collection sheet with a
ifyes/ noo indication by the field data collector.
collector is required to note such, while also indicating the data source used to infer the
observation. Appendix A Data Collection Measures provides recommendations measure by
measure for data collection strategies when a feature for a specific measure is not viewable so
that a similar level of confidence is achieved for data collection.

Data collection teams are also expected to take photos of products, labels, and observed
conditions for each measure. Each measure requiring a site photograph is indicated in the data
collection form. All site photos should be logged and shared for final quality assurance checks.
Data collection teams are required to use the file and folder naming protocols described in Table
2 above.

4.4 Data Management

It is recommended that a cloud-based drive be established for data collection teams to upload
their documents for data collection activities. Completed data collection forms, site photos, and
copies of relevant documents (e.g., energy code documentation) should be uploaded to folders
based on assigned building identifier (see Table 2). Shared access among the team members
will allow for version control, access to information in the event of iliness or turnover in staff, and
less potential for data misplacement via email or other data transfer. In selecting data
management strategies, including cloud-based and electronic formats, careful consideration
should also be given to PIl management.
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50 Qual ity Assurance and Data Trans

A quality assurance (QA) data collection lead will be assigned for each data collection team.
The QA lead should have in-depth code and compliance expertise and will be responsible for
both internal quality assurance and the transfer of data to the analysis forms. Throughout the
data collection and review process, the QA lead will closely coordinate with the field staff
regarding any missing data, anomalies, discrepancies with the data, or questionable results.

It is important to establish and begin a QA process early and perform these actions on a rolling
basis. This will ensure that issues are found and corrected for the remaining data collection
process.

51 I nternal Quality Assurance

Once a data collection activity is completed, the data collection team should perform initial
quality control on all data collection forms. This step is crucial to ensuring a smooth handoff
between the data collection and analysis teams, as well as to prevent mistakes and avoid
problems in the analysis stage.

The QA lead will review the data collection forms as soon as possible after they are completed
for each site to ensure overall completeness and accuracy using the following steps:
5.1.1 Overall Form Review Process

1. Verify that the information required on the Project Information form is complete and
that the Building Identifier number is assigned to the project. (See Table 2).

2. Verify that the data collection forms are complete and ensure that all pages are
submitted and that all data input fields are completed with no missing values or units.

3. Verify that any photos that accompany the data collection forms are properly
identified (labeled) so that they can be linked to the collected data.

4. If any questions arise on specific data collected in the field:

a. Send the question to the field staff who conducted that site visit as soon as
possible.

b. Request them to recheck if the data on the form matches their field
observations.

c. Update any data on the form as needed, based on the recheck by the field
staff.

5. Verify that all measures are accounted for in each building even if the measure is not
applicable to the building. If it is not immediately obvious why a measure is not
applicable, a note should be provided. This step avoids confusion in the analysis
phase, where it may not be clear if fields were left blank accidentally or purposefully.

5.1.2 Building Envelope

1. Ensure that the data collection forms include all of the following assemblies to form a
complete building:

a. Floor assembly
b. Wall assembly
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c. Roof assembly
d. Glazing
2. Verify the installed levels of efficiency are recorded for each assembly.

For features that were not viewable at the building site, verify that sufficient support
information has been provided to draw a logical conclusion as to the level of
efficiency installed and to the quality of the installation (if this data is required for the
feature).

4. Verify that an assembly form (floor, wall, and roof) used to calculate the assembly U-
factor has been completed for each assembly type in the building based on the data
collected at the building site.

5.1.3 Building Mechanical System

—

. Verify that each building has at least one of each of the following:
a. Heating and cooling source (e.g. packaged AC, packaged heat pump, etc.)
b. Ventilation source
c. Controls

2. Verify that the HVAC log is complete.

For features that were not viewable at the building site, verify that sufficient support
information has been provided to draw a logical conclusion as to the level of
efficiency installed and to the quality of the installation (if this data is required for the
feature).

5.1.4 Lighting System

—

. Verify that each building has at least one of each of the following:
a. Lighting
b. Controls

2. Verify that the Lighting Power Density (LPD) is recorded for each building for both
interior and exterior lighting (if exterior lighting is installed). If energy code
compliance documentation (COMcheck) was present, the LPD should be recorded
on the form. In addition, verify that the installed lighting has been documented for the
building and an LPD calculated for the installed lighting.

3. Verify that a control ID has been recorded for each type of light fixture documented.

4. Verify that a control form has been completed for each different control type found in
the building and that a Control ID number has been assigned to each different type
of control.

5. For features that were not viewable at the building site, verify that sufficient support
information has been provided to draw a logical conclusion as to the level of
efficiency installed and to the quality of the installation (if this data is required for the
feature).
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52 Data Transfer to Analysis Tool

PNNL has developed an Excel-based analysis tool (analysis tool) that works in tandem with the
DOE Commercial Methodology and the data collection form. This analysis tool calculates the
lost savings on a building level based on data from that building. The analysis tool is critical to
the final analysis but is too complex to prove useful to field data collection teams. For this
reason, the data transfer to the analysis form should be completed by the QA lead.

For quality assurance, the analysis tool provides some early determinations of applicability and
assistance to the QA lead at the front end of the data transfer process. To begin each transfer, it
is recommended that the QA lead enter basic building information in rows 17 9 of the analysis
tooland hit the Alnitialize Applicabilityo button.
their applicability to the building type, HVAC type and CZ selected, removing some burden from
the QA lead of determining the applicability for every measure.

The QA lead must then gather and enter the minimum code requirements based on code, code
version, and compliance path indicated for each measure in the analysis form. Prescriptive
requirements will come directly from the code version selected for most measures (see
Appendix B for a review of measure numbers to applicable code sections), trade-off information
should be found in COMcheck reports, and performance code requirements should be found in
energy model documentation.

The QA lead will need to determine the appropriate level of verification (verified, inferred or
unknown) from the data collection form. Only measures that are directly observed by data
collection team personnel should be recorded as verified field data. The data collection form
should include how the measure was verified if not observable. These measures can be
recorded as inferred data based on the level of information available. The Code Requirements
and Compliance Checks section provides specific guidance measure by measure on what can
be used as verified, inferred or unknown categories for data analysis.

The QA lead should rereview the completed analysis tool using the following steps before
transmission to the analysis team:
5.2.1 Analysis Tool QA

1. Verify all measures have been complete (Column L). For all incomplete measures,
reference data collection forms and call team for clarification to get data to complete
the form

Verify total measure time is within reason
Verify compliance path and actual code are correctly input
Verify applicability to building:
a. All envelope portions are applicable, even if traded off (Y)
b. All exceptions that lead to a trade-off are applicable (Y)
c. All exceptions that are true exceptions are not applicable (N)
d. Xs will be generated by the initialize applicability button only

5. Verify code requirement matches compliance path selected
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6. Verify equipment in building is complete (All Y/N) and matches measure level
equipment selections.

7. Review Measure Level Comments for all data that appears to be atypical
If there are questions, reach back out to field team to identify which information is missing and if
the forms need to be sent back for changes or if changes can be made and verified in the QA
process alone.
5.2.2 Before Transfer for Analysis:

1. Verify all information from the Analysis Form QA list has been provided

2. Verify all identifying information has been removed from forms being transferred
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6.0 Concl usi on

The intent of this protocol is to provide a method by which states, utilities and other entities
interested in code compliance can assess baseline energy efficiency in commercial buildings
and identify opportunities for targeted improvement. Through the prescribed approach, studies
can generate data sets informing the implementation of state codes and broader energy-
efficiency programs. Findings can be used to estimate related savings potential as well as target
areas for improvement with a focus on the measures with the highest savings potential.

Ideally, states would conduct a study using this methodology every 3-5 years to establish
baseline trends in commercial new construction and identify changes over time. The
methodology is provided primarily for states and other entities conducting their own studies to
help ensure that results are comparable with other similar research efforts. The findings
resulting from this methodology will be of value to a diverse set of stakeholders, including state
energy offices, local government building departments, builders, utilities and policy makers.
Ultimately, the results can be used to identify energy savings opportunities, develop increasingly
effective and targeted training programs, inform industry consensus processes, and serve as a
baseline for broader energy-efficiency programs and R&D efforts.

This document will be updated over time based on the findings and experiences of ongoing and
future studies that utilize and expand upon this methodology. The latest updates and
information will be made available at energycodes.gov.!

1 https://iwww.energycodes.gov/commercial-energy-code-field-studyat t he ti me of this repo
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Appendix AT Data Collection Measures
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A1l Measure # Measure NAIME .....cooviiiiiiiiie et e e e e e et e e e e eaeeaeee A.3
ENVEIOPE MEASUIES ....uuieiiiii e A.5
F L 10 b2 oo To ) 1S 0] =4 o o P A5
L T 0 I @ To | B o Yo £ A.10
A.2.3 5018A/B Above-Grade Wall INSUIAtION ............covveeeeiiiiiiiiiiiee e A.ll
A.2.4 5023A/B Exterior FIOOr INSUIAtION...........cociiiiiiiiie e A.l14
A.2.5 5029B Opaque ROII-UDP DOOIS ......uuuviiiiiiiiiiiiiiiiiiiriiiiiirirrernrersrernnennn—.. A.17
A.2.6 5034 WINAOW-t0-Wall RALIO ........cuuieiiieeeeiiiiiiiiei et e e e e A.18
A.2.7 5035 SKylight-t0-ROOTf RALIO .......uvviiiiiieiiiiiiiiiiice et A.19
A.2.8 5042A WINAOW U-TACLOIS.....coiiiiiiiiiiiiee ettt e e e e e A.21
A.2.9 5042B WINAOW SHGC .......ouiiiiiiiiiiiiiiiiiiiiiiiitiiiieiesibeeaaeeaesseesesssaaseraeraarreraraaaraaae A2l
A.2.10 5043A SKylght U-TACIOIS .....coiiiiiiiiiiiiee e A.23
A.2.11 5043B SKYlIGht SHGC ....cooiiiiiiiiieiieee ettt e e e e e e e e e ennnes A.23
A.2.12 5056 CoNtiNUOUS Al BAITIEI .....uvviiiiieieee et e e e e srrree e e e e e e e annes A.25
A.2.13 5077 Stair and Shaft Vent Leakage .........c.cccuvvvvuiiiiiiiiiiiiiiiiiiiniiiieniiiinnennnn. A.27
A.2.14 5083 VESHDUIE.......c. ettt e e e e e e A.28
A.2.15 5089 Fenestration Orientation ...............uuuuieuurriririiiriiriiereeeree——. A.30
Mechanical/Plumbing MEASUIES .......cccooeiiiii e A.31
A.3.1 6005A Packaged Air Conditioner EffiCIENCY .........ccooviiuiiiiiiiiiiiiiiiiiieeee e A.31
A.3.2 6005B Packaged Heat Pump EffiCIENCY..........coeviiiiiiiiiiiiiiiiieiiiiieee e A.31
A.3.3 6005C Gas FUurnace EffiCIENCY.........uuuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiririreerereeeerreenaeanenan, A.31
A.3.4 6005D Boiler EffilCI@NCY ....c.coiuuriieiiiiiiee e A.31
A.3.5 6005E Water-Source Heat Pump EffiCIENCY.........cuvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnns A.31
A.3.6 6007A Air-cooled chiller effiCiENCY..........cociuiiiiiiiie e A.36
A.3.7 6007B Water-cooled chiller effiCienCy ..........c..uveiiiiiiiiiiiieee e A.36
A.3.8 6017 Heat Pump Supplementary Heat Control............cccvvvvvviviieniiiiniiiniininnnnnn. A.39
A.3.9 6018 Thermostat Deadband............cccccooiiiiiiiiiiiiie e A.40
A.3.10 6019A Thermostat Heating Setback.............coovviiiiiiii s A.43
A.3.11 6019B Thermostat Cooling SethackK...............uuuuiiiiiiiiiiiiiiiiiiiii. A.43
A.3.12 6019C Night Fan CONMrOl........ccuuiiiiiiiieee e A.45
A.3.13 6023 Optimal Start CONIOIS .........uueiiiieiiiiiiiiie e A.46
A.3.14 6026p Snow and Ice-Melting System Control ..............eevvevvviviiiiiiiiiiiiienii. A.A7
A.3.15 6029 Demand Control Ventilation ...................euuiiiiiiiiiiiiiiiiiiiiiiiieiieieneenen. A.48
A.3.16 6030 Energy-Recovery Ventilation SYySte€M .............uuvvvviiiiiiiiiiiiiiiiiiiiiiiniinn. A.50
A.3.17 6033P DUCE INSUIALION.....ceiiieiiiiiiiiie et e e e e e e e e e ennnes A.51
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A.3.18 6035 DUCE LEAKAQJE .. .uvvvvviiiiiiiiiiiiiiiiiiisiiestiesareseressersssessesrssssrrsanrerrrrarrrrrnranranne A.52
A.3.19 6042B Hydronic Heating Piping INSUlAtION ...........ccooiiiiiiiiiiiie e A.53
A.3.20 6045p Mechanical CoOmMMISSIONING........uuuvuuuuuiiriiiiiriiiriuiereerer ... A.54
A.3.21 6046A Fan power limit for packaged air conditioners............cccooecvvvrieeeeeernnnnns A.55
A.3.22 6046B Fan power limit fOr VAV ... A.56
A.3.23 6051 OULdOOr NEALING ... ..uuviuiiiiiiiiiiiriiiiiiirrierureae e b e rarrarrrararararanae A.57
A.3.24 6056 ECONOIMIZET ....uviiiiiiieeeeeeeeiiee et e e e e s e et e e e e e e e e st aeeaeeeeesesnssaneeeeeeeeaannes A.58
A.3.25 6066P Water ECONOIMIZEN .....cccueiiiiiieiee ettt e e e e e e e e e e e ennes A.58
A.3.26 6070 Multi-ZONe reNeat SYSEIMS ........uuuvuiuiiiiiiiiiiiiiiiiiiieiireerrerrr ... A.60
A.3.27 6071 StatiC PreSSUINE SENSOIS ....uuuveeirieeeeiisiirieeteaeeeeasaiibteeeeeeeessasbbeneeeeeeesaannes A.61
A.3.28 6089 Water-source heat PUMP POWET .......uuuuuerrrrrreririererernrerrrernrernnrmnrn.. A.62
A.3.29 6091P Multiple Chiller CONIOIS.........ooiiiiiiiieieee e A.63
A.3.30 6101 Multiple ZONe reSet CONMIOIS.......ccuiiiiiiiiiiii e A.64
A.3.31 6106AS VAV Ventilation Optimization.................uuviiiiiiiiiiiiiiiiiiiieiiii. A.65
A.3.32 6108AS SiNGIE-ZONE VAV .....oiiiiiiiiiiie ettt A.66
A.3.33 6109PAS Parking Garage Fan CONtrolS...........cueeiiiiiiiiiiiiieee e einiiiieeeee e A.66
A.3.34 6110PAS Z0ONE ISOIALION.....cceiiiiiiiiieie e ettt e e e e e e e e e e e e e e e annnes A.68
A.3.35 7006 SWH Pipe INSUIALION .......uiiiiiiiiiieei e A.69
Lighting/EleCtriCal MEASUIES .......ccoee e A.69
A.4.1 9003 Manual Lighting CONtrol ..........cooiiiiiiiiiiiiiin e e e e A.69
A.4.2 9009 Automatic Time SWItCh CONtrol ...........ouvviiiiiiiiiiiiecee s A.73
A.4.3 9011 Occupancy SENSOr CONLIOl .......uvuvurviiriiiiiiiiiiiiiiriurrrerrrrree ... A.75
A.4.4 9014A Daylight Zone CONIIOl ........oviiiiiiiiiiiiieee e A77
A.4.5 9014B Daylighting High-Bay SPaCES .........c.cuuiiiiiiiiiiiiiiiiiieee e A.80
A.4.6 9025 Display Lighting CONLrol ...........uvvuiiiiiiiiiiiiiiiiiiiiiiiiiiiirereee———. A.80
A.4.7 9029 Non-Visual Lighting CONrol..........coooiuiiiiiiiieeiiieeee e A.82
A.4.8 9031 Exterior Lighting CONtrol.............uuvuviiiiiiiiiiiiiiiiiiiiiiiiiiieeeenenn. A.83
A.4.9 9037 Interior Lighting Power AIOWANCE ............uuvviiiiiiiiiiiiiiiiiiiiiiriiiieeeennnan. A.86
A.4.10 9047 Additional Retail Lighting Power AllOWanCe ...........cccceeeiiiiiiiiiieeeeenninns A.88
A.4.11 9048 Exterior Lighting Power AllOWANCE ..............uuviuiiiiiiiiiiiiiiiiiiiiiienninnien. A.90
A.4.12 9054AS Parking Garage Lighting CONtrolS...........ccoooiiiiiiiiiiiiiiiiiiiiieeee e A.92
A.4.13 9055pAS Automatic Receptacle CONtrols ...........coooviiiiiiiiiieeiiiiiceee e A.94
A.4.14 9099p Lighting Commissioning or Functional Testing...........cccccvvvvvvvivvviiinnnnnnn. A.96
A.4.15 15007 Optional On-Site Renewables ..............cccooeiiiiiiiii e A.97
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Al Overview

This section is an overview of the information you will find in each data collection measure
description in this Appendix. Information and tasks that are repeated for each measure are
included here. Information under the individual measures is specific to that measure.
Measures that were developed initially under this project, but were not tested by the field data
collection teams due to a lack of buildings where that measure was applicable or present, have
not been updated to this format and are markedwit h t he wor d ADRAFT. 0

A.1.1 Measure # Measure Name
A.1.1.1 Measure Description and Applicability
If a measure is mandatory, it is noted here. This is a basic description of the measure.

How this measure will typically apply to buildings in the field study sample is noted here,
including:

1. Applicability to tenant fit-outs.

2. Guidance on including differing assemblies, equipment or compliance levels in data
set.

If a specific code does not use this measure.

Common exceptions to this measure. Exceptions noted in this protocol are those that
are common to retail and office uses only, therefore not all code exceptions will be

included.
A.1.1.2 Code Requirement
IECC ASHRAE 90.1
2009 2012 2015 2007 2010 2013

This line will include code section references for this measure across the model codes listed.

This section will include specific instructions based on measure (where applicable). Energy
code compliance path should be determined before any review work is complete. Projects
primarily will use the IECC, ASHRAE 90.1, or a modified state/local version of one of these
codes. The code year is critical, as there are changes between versions. This section is used to
record the code requirement. This will be found through one of the following compliance paths:

1. Prescriptive: One sentence will describe a prescriptive compliance path. Code
requirement will come directly from the code book. All mandatory requirements

apply.
2. Trade Off: One sentence will describe trade-off compliance path (envelope

measures only). Envelope requirements will come from a COMcheck report. All other
requirements follow the prescriptive path. All mandatory requirements apply.

3. Performance: One sentence will describe a performance compliance path (where
applicable). Requirements that can be traded off will come from an energy model
report. All mandatory requirements apply.
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Plan Review

In the Data Collection Form, measures that are directly related are presented on the same tab.
For these grouped measures, the assembly ID is only included at the top of the sheet and
should be used for all related measures. Plan review steps include:

1.

All4

Determine the total number of different assemblies, equipment, or compliance levels
present in the building sample.

a. Data for each different assembly, equipment, or compliance level must be
entered separately.

Review the drawing set and energy code compliance documentation to determine
the proposed assembly, equipment, or compliance level.

Provide information on the affected quantity (ex. square feet, tons, etc.) of the
measure. Applicable units are provided on each measure.

Field Inspection

Information regarding sampling for field inspections will be included here. Steps include:

1.

Indicate if the measure is visible during your field inspection.

a. If not, and a separate source of information is available (ex. receipts,
photographs, certificates), note the source of information. Information may
need to be requested from the on-site construction superintendent if not
readily available.

b. Ifitis not visible because it is not yet on site, include a note with measure
under comments.

c. Measures that have products on site but that are not yet installed should have
data gathered and noted as on site but not installed.

2. Verify the assemblies, equipment, or compliance levels match what was found during

A.1.15

plan review. If there are any discrepancies, note them on the data collection form.

QA and Data Transfer

Field data collection forms will provide all of the necessary information to make determinations
about applicability of measures, specific information about each applicable measure, and
verification level.

1.

Appendix A

Determine applicability of a measure. Typically, if information about a measure was
found during plan review and inspection, it applies to the building. In some cases, the
measure may not apply, based on the code being used. It is the job of the QA lead to
determine applicability and log it accurately. If a measure applies to your building
sample, selectiyesounder A Me as ur Banfeaspré doesadi apply to
your building sample, select fnodand provide a brief note why. For all applicable
measures, provide information for the code, plan, and as-found conditions to
complete the PNNL analysis form.

Determine and record the minimum code requirement based on energy code
documentation (plans, specifications, energy model, COMcheck). If there is no
documentation or the documentation does not specify the selected compliance path
for the project, assume prescriptive requirements are followed.
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3. Enter the information found in the field data collection form for plan review and
inspections for factor, condition, and affected quantity.

4. Determine the verification level of the inspection data.

a. Verified: Field data collector saw the measure on site. Data seen on site is
verified if it matches with plan review expectations or not.

b. Inferred: Field data collector was provided some information on site that
appeared to match with plans for that item.

c. Unknown: Field data collector was not given any information on site, or
information on site appeared inconsistent with plan review information.
A2 Envel ope Measures
A.2.1 5012 Roof Insulation

A.2.1.1 Measure Description and Applicability

Roofs shall be insulated to meet the minimum requirements defined in the applicable energy
code.

1. This measure will apply to all building samples except tenant fit-outs. For tenant fit-
outs, when the core and shell of the building are permitted separately and no
information is available to the data collection team, Measure Applicable should be
ANooO and reason s-bould be ATenant fit

2. All roof assemblies that are greater than 10% of the total roof area should be
included in the data set.

a. For each assembly with a unique performance value, assign a Roof
Assembly ID. Copy and paste the data form the number of times necessary
to capture each assembly.

b. Multiple roof areas that have the same performance can be included under
the same Assembly ID.

A.2.1.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

502.1.2 C402.2.1 C402.2.2 5531 5531 5531

For each assembly type, select roof type from the following drop-down menu:
1. Insulation entirely above deck
2. Metal buildings
3. Attic and other

Include R-value and U-factor from code tables or energy documentation:
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1. Prescriptive: A minimum insulation R-factor and maximum U-factor is listed in the
code based on the climate zone and assembly type.

2. Trade Off: Insulation R-value and U-factor are found in the COMcheck Envelope
Report.

3. Performance: Insulation U-factor is dictated by the energy model submission input
reports.

4. Where no documentation includes compliance path, assume prescriptive.
A.2.1.3 Plan Review

In the architectural drawing set, locate a wall section or wall and roof details sheet (example:

Figure 5012.1).
Figure 5012.1 Roof Assembly

For each roof assembly, enter key information

under a different Roof Assembly ID on the Roof ROOF ASSEMBLIES

tab of the data collection form.

SECTION MARK DESCRIPTION F

Roof insulations are shown with different
symbols based on the insulation type, such as [Rof] . EPDMROOFINGO/WOODDECK

i , , igi , : ‘L'A,;EVABR&Y(RQFAJO%&A-109b]0/
loose fill, batt, rigid, or spray foam (example 1
Figure 5012.2) . =N S e e ok

g =/ ! RIGID INSUL (R-38 MIN) W/ STAGGERED JOINTS W/
Yt TAPERED INSULATION (AS REQ'D) O/
. ) Vf\?ORRETARDER o/

The symbols can be verified in the symbol e OFCKNG O EDGE A STRUCTURE (REF.STRUCT)

legend, which is typically within the first few |
pages of a drawing set. If no symbol legend is QORI
included, defer to industry standard

representations presented in Figure 5012.2. An

accounting of industry-accepted R-values can be found in Table 5012.1.

To determine the R-value and U-factor, complete one of the following:

1. Fill out the Envelope i Roof Assembly Figure 5012.2 Insulation Types
section of the data collection 7
supplemental worksheets. \[\f\f\/\/\}
a. Provide a description, detalil LOOSE FILL OR BATTS

(such as product information),
and effective R-value for each
layer of the roof assembly.

values for a total and invert for
U-factor.

b. Form will automatically sum R- RIGID

c. Duplicate form where there is

more than one roof assembly. SPRAY FOAM

d. Manually enter resulting R and U
values into the Roof Tab.

2. Look up U-factor by referencing ASHRAE 90.1 Appendix A based on assembly
construction.
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3. Use the architectural drawings set determine net roof area (sq. ft.) for each assembly
ID using a scale and drawing take-offs.

A.2.1.4 Field Inspection

Each unique roof assembly should be viewed to verify insulation installation for both R-value
and quality.
If roof insulation is visible:

1. Mar¥es$io under visible.

2. Determine the roof insulation R-value for all layers of the roof assembly.

3. Verify the Assembly U-factor matches the Assembly U-factor calculated during plan
review. If there are any discrepancies, note it on the data collection form and
recalculate the Assembly U-factor.

4. Rate and record the installation quality of the insulation as one of the following:
a. Good installation
b. Fair installation = gaps over 2.5% area
c. Poor installation = gaps over 5% area

Installation quality should be recorded as good if roof assembly is insulation entirely above
deck. Installation quality of areas that cannot be viewed should be inferred from the quality
in areas that can be viewed based on the worst quality seen on site. It should be recorded
as fair unless there is evidence on site suggesting it is not.

5. Verify the area of the roof compared to plans. This should be a visual estimate.
Where the area appears to be much different from plans, measure new roof area.
Note a field inspection change.
If roof insulation is not visible:
1. Mark ANoOoOO under vVvisible.
2. Decide if the value can be determined by one of the following:

a. Request shop drawings for the roofing system from the on-site construction
superintendent and product specifications from the insulation contractor.

b. Request pictures or other documentation the contractor may have on site.
c. Request inspection report by local authority having jurisdiction (AHJ).
d. Measure the depth of the roof assembly.
3. Note the data source for all field information.
Information gathered on site may need to be compared back to plan data. If there are any

discrepancies that do not match the assembly U-factor calculated in plan review stage, note it
on the data collection form and recalculate the assembly U-factor.
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Table 5012.1. Common Materials and Associated R-Values

Common Materials
AIR

Air Film - Exterior
Air Film - Interior Wall
Air Film - Interior Ceiling

Air Space (0.5-4 inch)

CONSTRUCTION
Gyp. Board 1/2"
Gyp. Board 5/8"
Stucco/Plaster
Plywood (General)
Plywood 1/4"
Plywood 3/8"
Plywood 1/2"

Plywood 5/8"
Plywood 3/4"

Common Brick 4"

Face Brick 4"

Concrete Block/CMU 4"
Concrete Block/CMU 8"

Concrete Block/CMU 12"

Concrete 60lb
Concrete 70Ib
Concrete 80Ib
Concrete 90Ib
Concrete 100lb
Concrete 120Ib
Concrete 150Ib

Concrete 144lb - Typical
Normal Weight

Soft Wood Lumber

2x2" Nominal

R-values

0.17
0.68
0.61

0.45
0.5625
0.2
1.25
0.31
0.47
0.62

0.77
0.94

0.8
0.44

0.8
1.11
1.28
0.52
0.42
0.33
0.26
0.21
0.13
0.07

1.25
1.88

Units

finch

/inch

/inch
f/inch
/inch
/inch
/inch
f/inch
/inch

finch

finch

Common Materials
INSULATION

Fiberglass Batt
Fiberglass Blown (attic)
Fiberglass Blown (wall)
Rock Wool Batt

Rock Wool Blown (attic)
Rock Wool Blown (wall)
Cellulose Blown (attic)
Cellulose Blown (wall)
Vermiculite
Air-entrained Concrete
Urea terpolymer foam
Rigid fiberglass (> 4 Ib/ft3)

Expanded Polystyrene
(beadboard)

Extruded Polystyrene

Polyurethane (foamed-in-
place)

Polyisocyanurate (foil-faced)
Open cell spray foam
Closed cell spray foam

Polyvinyl

FLOORING

Plywood

Particle Board (underlayment)
Hardwood Flooring

Tile, Linoleum

Carpet (w/fibrous pad)

Carpet (w/rubber pad)

PNNL-32157-Rev.1

ROV

3.14
2.2
3.2

3.14
3.1

3.03

3.13
3.7

2.13
3.9

4.48

6.25

7.2
3.7

1.22

1.25
1.31
0.91
0.05
2.08
1.23

Units

/inch
/inch
/inch
/inch
/inch
/inch
/inch
/inch
/inch
/inch
/inch
/inch

/inch

finch

/inch

f/inch
/inch
finch

/inch

/inch
/inch
/inch
/inch
/inch

/inch
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Common Materials R-values  Units Common Materials R-values  Units
2x4" Nominal 4.38
2x6" Nominal 6.88
Cedar 1.33 /inch
Asphalt Shingles 0.44
Wood Shingles 0.97

A.2.15 References and Examples

Figure 5012.3 Attic Insulation and Insulation Entirely Above the Roof Deck*

\ 5 . i - r
o ’ o/ B gy el

1 BrityMakela Group and Ryan Meres. 2009 International Energy Conservation Code for Simple Commercial Buildings Compliance
Guide. 2014

2 Department of Energy. Evaluating Commercial Buildings for Energy Code Compliance. September 2010.
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A.2.2 5014 Cool Roofs
A.2.2.1 Measure Description/Applicability
Low-sloped roofs in Climate Zones 1, 2, or 3 are required to meet the roof solar reflectance and

or thermal emittance requirements.

1. For projects in Climate Zones 418, mar k fANoO under applicabl e
explanation.

2. For projects that comply with I ECC 2009, mar |l
as explanation

3. Determine if the project meets one of the listed exceptions. Mar k fAiNoO wunder
applicable and list exception as explanation:

a. Portions of roof covered by PV systems; solar air/water heating; green roof;
roof decks; skylights; HVAC equipment.

b. Portions of roof shaded during peak sun angle.
c. Portions of roof that are ballasted.
d. Roofs where 75% complies with one or more of the above.

Note: The full area of the roof may not be required to comply, but any area greater than 25%
that does not meet any of the exceptions will be required to comply. Where a portion of the
roof must comply, note that it is not the full roof.

4. Al ot her projects mark AYesdO and continue t (

A.2.2.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

N/A C402.2.1.1 402.3 5531.1 55311 55311

Include the three-year aged solar reflectance value:
1. Prescriptive: A minimum three-year aged solar reflectance is listed in the code.

2. Trade Off: This measure cannot be traded off; use the minimum three-year aged
solar reflectance is listed in the code.

3. Performance: Solar reflectance is dictated by the energy model submission input
reports.

4. Where no documentation includes compliance path, assume prescriptive.
A.2.2.3 Plan Review

In the architectural drawing set, locate a roof plan or roof details sheet:
1. Cool roof requirements may be indicated as a note, or as a specific material ID.

2. Material IDs may be defined in the drawing set, or may reference a project
specification.
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3. If a product is specified, but no reflectance value is given, look the product up online
to determine its three-year aged value.

4. | f there is no indication of a cool roof i n

Using the architectural drawings set, determine net roof area (sq. ft.) for each assembly ID using
a scale and drawing take-offs.

A.2.2.4  Field Inspection

If the roof material is visible:
1. Mar k AYesO under visible.

2. Ifiinstalled material has documentation available, enter the field inspection value form
the documentation.

3. Ifinstalled roof is a white roof, but no documentation is available, enter field
i nspection value as fA0.550 and note value fr

4. If installed roof is not a white roof and no documentation is available, enter field
inspection value as A0. 0

5. Verify the area of the roof compared to plans for area of cool roof. (Note: This may
be less than the area of the whole roof.) This should be a visual estimate. Where the
area appears to be much different from plans, measure new roof area. Note a field
inspection change.

If the data collector is not allowed to see/access the roof, mark on the form that visual inspection
was not completed.

A.2.25 QA and Data Transfer

Where roof material value is entered based on visual inspection of color only (options 3 or 4
from field inspection above), field data should b

A.2.3 5018A/B Above-Grade Wall Insulation
A.2.3.1 Measure Description/Applicability

Above grade walls shall meet the minimum insulation requirements.

1. This measure will apply to all building samples except tenant fit-outs. For tenant fits-
outs, when the core and shell of the building were permitted separately and no
information is available to the data collection team, Measure Applicable should be

ANoO and reasTemanti-boudbd be n

2. The data set should include all roof assemblies that are greater than 10% of the total
wall area.

a. For each assembly with a unique performance value, assign a Wall Assembly
ID. Copy and paste the data form the number of times necessary to capture
each assembly.

Multiple wall areas that have the same performance can be included under the same
Assembly ID.
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A.2.3.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

502.2.3 402.2.3 402.2.3 5.5.3.2 5.5.3.2 5.5.3.2

For each Assembly ID, select Wall type from drop down. This type will dictate the code
requirement for a prescriptive path:

1. Mass

2. Metal Building

3. Metal Framed

4. Wood Framed and other

Include R-value and U-factor from code tables or energy documentation:

1. Prescriptive: A minimum insulation U-factor is listed in the code based on the
climate zone and assembly type.

2. Trade Off: Insulation R-value and U-factor are found in the COMcheck Envelope
Report.

3. Performance: Insulation U-factor is dictated by the energy model submission input
reports.

4. Where no documentation includes compliance path, assume prescriptive.
A.2.3.3 Plan Review

In the architectural drawing set, locate a wall section or wall details sheet (Figure 5018(1)).

1. For each wall assembly, enter key information under a different Wall Assembly ID on
the Wallls tab of the data collection form.

Determine wall type based on framing type or mass wall.

3. Wall insulations are shown with different symbols based on the insulation type, such
as loose fill, rigid, or spray foam.

The symbols can be verified in the symbol legend, which is typically within the first few
pages of a drawing set. If no symbol legend is included, defer to industry standard
representations, presented in Figure 5012(2).

To determine the R-value and U-factor, complete one of the following:

1. Fill out the Envelope i Wall Assembly tab of the data collection supplemental
worksheets.
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Using the architectural drawings set determine net wall area (sq. ft.) for each assembly ID using

a. Provide a description, detalil
(such as product information),
and effective R-value for each
layer of the roof assembly.

b. Form will automatically sum R-
values for a total and invert for

U-factor.

c. Where there is more than one
wall assembly, this form will
need to be duplicated.

d. Resulting R and U values should
be manually entered into the

Wall Tab.

2. Reference ASHRAE 90.1 Appendix A
based on assembly construction to look

up U-factor.

a. If this method is used, directly
override the equation linking the
Walll tab to the Wall Assembly
tab with the found R-value from

Figure 5018.1 Exam

ple of Wall Assembly
[ »
TR i

PNNL-32157-Rev.1

JOISTS & 16" 0.C

WATERPROOF
MEMBRANE

1/7" SHEATHING PER
STRUCT

R19 BATT INSULATION

WALL SECTION

2 SCALE: 1/2° = 1"

plans and U-factor from Appendix A.

wall section.dwg

a scale and drawing take-offs. Gross wall area is the total wall area including fenestration; Do
not subtract window area.

A.2.3.4

Field Inspection

Each wall assembly should be viewed to determine U-factor.
If wall insulation is visible:

Mar k

i Yesigsbeunder

2. Determine the wall insulation R-value for all layers of the wall assembly.

a. Verify the assembly U-factor matches the assembly U-factor calculated
during plan review. If there are any discrepancies and layers do not match
the assembly U-factor calculated in plan review stage, note it on the data
collection form and recalculate the assembly U-factor.

a. Good installation

b. Fair installation = gaps over 2.5% area

c. Poor installation = gaps over 5% area

3. Rate and record the installation quality of the insulation as one of the following:

Installation quality should be recorded as good if wall assembly is only continuous
insulation. Installation quality of areas that cannot be viewed should be inferred from the
quality in areas that can be viewed based on the worst quality seen on site. Should be
recorded as fair unless there is evidence on site suggesting it is not.
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If wall insulation is not visible:
1. Mar k ANoO under vVvisible.
2. Determine if the value can be determined by one of the following:

a. Request shop drawings for the wall system from the on-site construction
superintendent and product specifications from the insulation contractor.

b. Request pictures or other documentation the contractor may have on site.
Request inspection report by local authority having jurisdiction (AHJ).
Measure the depth of the wall assembly.
Information gathered onsite may need to be compared back to plan data. If there are any

discrepancies that do not match the Assembly U-factor calculated in plan review stage, note it
on the data collection form and recalculate the Assembly U-factor.

Figure 5018.2 Example of Cavity Insulation® Figure 5018.3 Example of Continuous Insulation?

A.24 5023A/B Exterior Floor Insulation

A.2.4.1 Measure Description/Applicability
Exterior floors shall meet the minimum insulation requirements defined in the applicable energy
code.

1. This measure will apply to all building samples except tenant fit-outs.

2. All floor assemblies that are greater than 10% of the total exterior floor area should
be included in the data set.

a. For each assembly with a unique performance value, assign a Floor
Assembly ID. Copy and paste the data form the number of times necessary
to capture each assembly.

! Source: Britt/Makela Group and Ryan Meres. 2009 International Energy Conservation Code for Simple Commercial Buildings
Compliance Guide. 2014
2 Source: Britt/Makela Group and Ryan Meres. 2009 International Energy Conservation Code for Simple Commercial Buildings
Compliance Guide. 2014
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b. Multiple floor areas that have the same performance can be included under
the same Assembly ID.

3. This measure is for exterior floors over unconditioned space (garages or direct
outdoors) only; it does not include slabs on grade.

A.2.4.2 Code Requirement

| ECC ASHRAE 90. 1
2009 2012 2015 2007 2010 2013
502.2.5 C402.2.5 C402.2.4 5.5.3.4 5.5.3.4 5.5.3.4

Select floor type from drop down. This type will dictate the code requirement for a prescriptive
path:

1. Frame (this covers both wood and metal framing)
2. Mass

Include R-value and U-factor from code tables or energy documentation:

1. Prescriptive: A minimum insulation R-value and maximum U-factor is listed in the
code based on the climate zone and assembly type.

2. Trade Off: Insulation R-value and U-factor are found in the COMcheck Envelope
Report.

3. Performance: Insulation U-factor is dictated by the energy model submission input
reports.

4. Where no documentation includes compliance path, assume prescriptive.
A.2.4.3 Plan Review

In the architectural drawing set, locate a wall section or floor details sheet.
1. For each floor assembly, enter information under a unique Floor Assembly ID.
2. Determine floor type based on framing type, and framing spacing or mass floor.

3. Floor insulations are shown with different symbols based on the insulation type, such
as loose fill, rigid, or spray foam.

4. The symbols can be verified in the symbol legend, which is typically within the first
few pages of a drawing set. If no symbol legend is included, defer to industry
standard representations, presented in Figure 5012(2).
To determine the R-value and U-factor complete one of the following:

1. Fill out the Envelope 7 Floor Assembly tab of the data collection supplemental
worksheets.

a. Provide a description, detail (such as product information), and effective R-
value for each layer of the floor assembly.

b. Form will automatically sum R-values for a total and invert for U-factor.
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c. Duplicate the form where there is more than one floor assembly.
d. Manually enter the resulting R and U values into the Floor Tab.

2. To look up U-factor, reference ASHRAE 90.1 Appendix A based on assembly
construction.

a. If this method is used, directly override the equation linking the Floor tab to
the Floor Assembly tab with the found R-value from plans and U-factor from
Appendix A.

Using the architectural drawings set determine net floor area (sqg. ft.) for each assembly ID using
a scale and drawing take-offs.

A.2.4.4 Field Inspection
Each floor assembly should be viewed to determine U-factor.

If floor insulation is visible:
1. Mark fiYeso under visible.
2. Determine the floor insulation R-value for all layers of the floor assembly.

a. Verify the Assembly U-factor matches the Assembly U-factor calculated
during plan review. If there are any discrepancies and layers do not match
the Assembly U-factor calculated in plan review stage, note it on the data
collection form and recalculate the Assembly U-factor.

3. Rate and record the installation quality of the insulation as one of the following:
a. Good installation
b. Fair installation = gaps over 2.5% area
c. Poor installation = gaps over 5% area

Installation quality should be recorded as good if wall assembly is only continuous
insulation. Installation quality of areas that cannot be viewed should be inferred from the
quality in areas that can be viewed based on the worst quality seen on site. Quality should
be recorded as fair unless there is evidence on site suggesting it is not.
If floor insulation is not visible:
1. Decide if the value can be determined by one of the following:

a. Request shop drawings for the floor system from the on-site construction
superintendent and product specifications from the insulation contractor.

b. Request pictures or packaging the contractor may have on site.
c. Request inspection report by local authority having jurisdiction (AHJ).
2. Measure the depth of the floor assembly.
Information gathered on site may need to be compared back to plan data. If there are any

discrepancies that do not match the Assembly U-factor calculated in plan review stage, note it
on the data collection form and recalculate the Assembly U-factor.
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A.25 5029B Opaque Roll-up Doors
A.2.5.1 Measure Description/Applicability
Opaque doors are defined as doors that have less than 50% glass area. Opaque roll-up doors

shall meet the minimum insulation requirements defined in the energy code.

1. This measure will apply based on occurrence of an opaque roll-up door. If no roll-up
doors exist, mark applicability as fANo. O

This measure will not apply to tenant fit-outs.

All doors should be included in the data set.

A.25.2 Code Requirement

| ECC ASHRAE 90. 1
2009 2012 2015 2007 2010 2013
502.2.7 C402.2.7 C402.4.4 5.5.3.6 5.5.3.6 5.5.3.6

Include R-value and U-factor from code tables or energy documentation:

1. Prescriptive: A minimum insulation R-value and maximum U-factor is listed in the
code based on the climate zone and assembly type.

Trade Off: U-factor is found in the COMcheck Envelope Report.
Performance: U-factor is dictated by the energy model submission input reports.
Where no documentation includes compliance path, assume prescriptive.

A.2.5.3 Plan Review

In the architectural drawing set, locate a door schedule sheet.
1. Review schedule and notes for R-value or U-factor of door.

If no information is found in plans or specs, use the default values presented in Table 5029.

Table 5029.1 Unlabeled Opaque Doors?

Description U-factor

Uninsulated, single-layer, metal doors 1.45
Uninsulated, double-layer, metal doors 0.70
Insulated metal doors 0.50
Wood doors, min. t 0.50
Any other wood door 0.60

Using the architectural drawings set, determine area (sg. ft.) for each door using:

1. size information given in the door schedule.

1 Derived from ASHRAE 90.1-2010 8A7
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2. ascale and drawing take-offs.

Log the information for each door on the wall tab, under the wall in which the door is located in
the Opaque Doors section.

A.2.5.4 Field Inspection
Verify make and model number of opaque roll-up doors; get product specifications from the on-
site construction superintendent, if available.

1. Verify, if possible, accurate National Fenestration Rating Council (NFRC) 100 or
ANSI/DASMA 105-certified U-factors, either on an NFRC label or certificate.

2. Call NFRC to verify U-factor of the product if needed
3. If no label or certificate is available, use the default values presented in Table 5029.

Figure 5029.1 Example of Opaque Rollup Doors?

A.2.6 5034 Window-to-Wall Ratio
A.2.6.1 Measure Description/Applicability

Window-to-wall ratio (WWR) is the amount of fenestration area (windows, storefronts, non-
opague doors), divided by the gross wall area, expressed as a percentage. It is limited by code
and compliance path selected.

1. This measure will apply to all projects with windows.

a. ltisrare, but not impossible that a project in the sample will not include
windows. If plans and field inspection confirm no glazing, mark as
applicability as ANo. o0 Note condition in

2. This measure will not apply to tenant fit-outs.

3. WWR will account for all fenestration in sample building.

1 Source: Britt/Makela Group and Ryan Meres. 2009 International Energy Conservation Code for Simple Commercial Buildings
Compliance Guide. 2014
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A.2.6.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

502.3.1 402.3.1 402.4.1 55421 55421

Include percentage from code or energy documentation:

1. Prescriptive: Maximum base allowed WWR is 30% under IECC and 40% under
ASHRAE 90.1. IECC has allowances for greater fenestration area if certain criteria
area meet up to 40%.

2. Trade Off: WWR is found in the COMcheck Envelope Report.
Performance: WWR is dictated by the energy model submission input reports.

4. Where no documentation includes compliance path, assume prescriptive.
A.2.6.3 Plan Review

In the architectural drawing set, locate the elevations and window/glazing schedules.

1. Calculate the total area of the exterior walls. Record the area for each wall under its
Wall Assembly ID under gross wall area.

2. Calculate total area of fenestration (include windows, storefront glass, non-opaque
entrance doors). Record under Window Area.

3. The form will calculate the WWR and Net Opaque Wall Area.
A.2.6.4 Field Inspection

Verify all orientations of building look as expected from plan review.

1. Spot check the window area in several spaces in the building where area take-offs
were performed.

2. Photograph all orientations of the building.

For IECC projects that used the allowance for greater WWR, verify that daylighting controls are
present, and note non-compliance in measure comments where WWR was greater than 30%
but project did not meet all requirements under allowance.

A.2.7 5035 Skylight-to-Roof Ratio
A.2.7.1 Measure Description/Applicability

Skylight-to-Roof ratio (SRR) is the amount of skylight area, divided by the gross roof area,
expressed as a percentage. It is limited by code and compliance path selected.

1. This measure will apply to all projects with skylights.
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2. This measure will not apply to tenant fit-outs.

A.2.7.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

502.3.1 402.3.1 402.4.1 5.5.4.2.2 5.5.4.2.2

Include percentage from code or energy documentation:

1. Prescriptive: Maximum base allowed SRR is 3% under IECC, 5% under ASHRAE
90.1. IECC has allowances for SRR up to 5% if certain criteria are met.

Trade Off: SRR is found in the COMcheck Envelope Report.
Performance: SRR is dictated by the energy model submission input reports.
4. Where no documentation includes compliance path, assume prescriptive.

A.2.7.3 Plan Review
In the architectural drawing set, locate the roof plans, reflected ceiling plans, and

skylight/glazing schedules (these are most-often found with window schedules).

1. Calculate the total area of the roof. Record area for each roof assembly under its
Roof Assembly ID under Gross roof area.

Calculate total area of skylights. Record under Skylight Area.
The form will calculate the SRR and Net Opaque Roof Area.

A.2.7.4  Field Inspection

Verify roof areas look as expected from Plan Review.

1. Spot check the skylight area in several spaces in the building where area take-offs
were performed.

2. Photograph roof in entirety. Recommend standing at one edge for one image, or
standing near center and rotating taking multiple images.
For IECC projects that used the allowance for greater SRR:
1. Verify that daylighting controls are present.

2. Note non-compliance in measure comments where SRR was greater than 3% but
project did not meet all requirements under allowance.
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A.2.8 5042A Window U-factors
A.29 5042B Window SHGC
A.2.9.1 Measure Description/Applicability

Windows shall not exceed the maximum rate of heat-loss requirements and solar heat gain per
the energy code. A maximum heat-loss rate and solar heat gain coefficient (SHGC) is listed in
the code based on the climate zone and fenestration type.

1. This measure will apply based on occurrence of windows, including storefront or
curtain-wall glazing systems.

This measure will not apply to tenant fit-outs.
3. All window assembly types that make up 10% of window area should be included in
the data set.

A.2.9.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013
502.3.2 402.3.3 402.4.3 55.4.3 5543
502.3.2 402.3.3 402.4.3 55441 55441

Include U-factor and SHGC from code tables or energy documentation:

1. Prescriptive: A maximum U-factor and SHGC are listed in the code based on the
climate zone and fenestration type.

Trade Off: U-factor and SHGC are found in the COMcheck Envelope Report.

Performance: U-factor and SHGC are dictated by the energy model submission
input reports.

4. Where no documentation includes compliance path, assume prescriptive.
A.2.9.3 Plan Review

In the architectural drawing set, locate a window or glazing schedule sheet.

1. For each unique window assembly, create a duplicate of the Window tab on the data
collection form and assign a unique Window Assembly ID.

Review schedule and notes for U-factors and SHGCs of windows.

If no information is found in plans or specs, use the default values presented in Table
5042.

4. Using the architectural drawings set determine area (sq. ft.) for each assembly ID
using:

a. Size information given in the window schedule.
b. A scale and drawing take-offs.
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Description U-factor SHGC Clear SHGC Tinted
Metal Frame, single pane 1.20 0.80 0.70
Metal frame, double pane 0.80 0.70 0.60
Metal frame with thermal break, single
»SIng 1.10 0.80 0.70
pane
Metal frame with thermal break, double
0.65 0.70 0.60
pane
Non-metal frame, single pane 0.95 0.80 0.70
Non-metal frame, double pane 0.55 0.70 0.60
Glass Block 0.60 0.60 0.60
Figure 5042.1 Example of Window Schedule
WINDOW WINDOW OPENING NO. OF SILL HEIGHT V-/ATER\AL/F\N\SH DETAIL
NC. LOCATION WDTH HEIGHT THICKNESS PANELS AFF WINDOW FRAME HEAD JAME sIL OTHER
1 EXHIBIT -1 1=2" 1 2 -4 oL LOW-E CLEAR AL SIM. 1/A603| SM. 5/A603 | SM. 3/A603 |SIM. 6/A603
2 EXHIBIT 120" 14=0" 1 6 & 0'=0" oL LOW-E CLEAR AL S /8603 T SIM. 3/A603 i
3 OFFICE 55" -0 1 1 30" oL LOW-E CLEAR AL SIM. 1/AB03|  SIM. 5/A603 | SIM. 4/A603
4 OFFICE Zﬁs s-d /0" | 87 172" |1 1 30" oL LOW-E CLEAR AL SIM. 1/AB03|  SIM. 5/A803 | SIM. 4/A603
5 EXHIBIT 3-0" 10'-0" 1 2 0'-0" GL LOW-E CLEAR AL SIM. 1/AB03|  SIM. 5/A603 3/8603 SIM. B/A603
6 EXHIBIT 50" 10-0" | 2 0'-0" oL LOW-E CLEAR AL SIM. 1/A603|  SIM. 5/AB03 3/4603  |SIM. B/A603
7 VESTIBULE 78" 100" 1" 3 00" oL LOW-E CLEAR AL S, 174603 Mg 3/4603, 7/4603
8 CLASSROOM 2-9 344" | 100" 1 2 0'-0" oL LOW-E CLEAR AL SIM. 1/A603|  SIM. 5/AB03 3/A603 | SIM. 6/A603
] CLASSROOM LL 711 3/8"| 10-0" 1 2 0-0" oL LOW-E CLEAR AL SIM. 1/4603 g 3/4603 7/4603
10 EXHIBIT/VESTIBULE 51" 10'-0" 1 1 0'-0" oL LOW-E CLEAR AL 1/4603 s 3/A803 Sk sfeos
1 EXHIBIT 24'=5 3/8"| F-1 172" | 1 5 VARIES oL LOW-E CLEAR AL ke Yo Wiy 12/A603
12 EXHIBIT 202" 31" | 4 VRIS oL LOW-E CLEAR AL e Y ghees 12/A803
13 CLASSROOM 452" 5-11/7" | 1 13 VARES oL LOW-E CLEAR AL s nacn s 12/4603
WINDOW SCHEDULE
05 SCALE: —
A.2.9.4  Field Inspection

Verify no less than 10% of the windows on site.

1. Verify make and model number of windows; get product specifications from the on-
site construction superintendent, if available.

2. Verify that the values on the National Fenestration Rating Council (NFRC) label

(example: Figure 5042(2)) attached to the installed fenestration products match the
U-factor values shown on the drawings and energy code compliance documentation.

3. Request copies of the NFRC certificates (if site-built windows, see example below) or
product labels (if manufactured wood/vinyl/metal frame) from the construction
manager or the authority having jurisdiction (AHJ). Only these three forms of NFRC
certifications are acceptable:

included in compliance documentation)

! Derived from IECC Tables C303.1.3(1&3)

Appendix A

a. NFRC label affixed to the fenestration product

b. NFRC site-built procedure label certificate (either affixed to building or
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c. NFRC Component Modeling Approach (CMA) label certificate (either affixed
to building or included in compliance documentation).

4. If no label or certificate is available:
a. Use the default values presented in Table 5042.

b. Record window type, frame type, size, and number of panes.

Figure 5042.2 Example of NFRC Label !

&% World's Best
NFRC Window Co.

Millennium 2000+

National Fenestration Vinyl-Clad Wood Frame
Rating Council® Double Glazing * Argon Fill - Low E

Product Type: Vertical Slider

ENERGY PERFORMANCE RATINGS
U-Factor (U.S./I-P) Solar Heat Gain Coefficient

030 0.30

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S./I-P)

0.51 0.2

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for determining whole

product performance. NFRC ratings are determined for a fixed set of environmental conditions and a

specific product size. NFRC does not recommend any product and does not warrant the suitability of any

product for any specific use. Consult manufacturer's literature for other product performance information.
www.nfrc.org

A.210 5043A Skylight U-factors
A.2.11 5043B Skylight SHGC
A.2.11.1 Measure Description/Applicability

Skylights shall not exceed the maximum rate of heat-loss requirements or solar heat gain per
the energy code. A maximum heat loss rate and solar heat gain coefficient (SHGC) is listed in
the code based on the climate zone.

1. This measure will apply based on occurrence of skylights.
2. This measure will not apply to tenant fit-outs.
3. Data set should include all skylight assembly types.

A.2.11.2 Code Requirement

| ECC ASHRAE 90. 1

1 Source: NFRC Website: http://nfrc.org/fenestrationfacts.aspx. Actual required values are determined by code requirements.
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2009 2012 2015 2007 2010 2013
502.3.2 402.3.3 402.4.3 5543 5.5.4.3
502.3.2 402.3.3 402.4.3 55441 55441

Include U-factor and SHGC from code tables or energy documentation:

1. Prescriptive: A maximum U-factor and SHGC are listed in the code based on the
climate zone and fenestration type.

Trade Off: U-factor and SHGC are found in the COMcheck Envelope Report.

Performance: U-factor and SHGC are dictated by the energy model submission
input reports.

4. Where no documentation includes compliance path, assume prescriptive.
A.2.11.3 Plan Review

In the architectural drawing set, locate a roof plan or reflected ceiling plan to determine if
skylights are present on the building sample. Locate a window or glazing schedule sheet
(example: Figure 5042(1)).

1. Each skylight should be logged under the roof assembly it is located in on the Roof
tab.

Review schedule and notes for U-factors and SHGCs of skylights.

If no information is found in plans or specs, use the default values presented in Table
5043.

4. Using the architectural drawings set determine area (sq. ft.) for each skylight using:
a. Size information given in the skylights schedule.
b. A scale and drawing take-offs.

Table 5043.1 Unlabeled Skylights?

Description U-factor SHGC Clear SHGC Tinted
Metal Frame, single pane 1.00 0.80 0.70
Metal frame, double pane 1.30 0.70 0.60
rl\)/laer;tzl frame with thermal break, single 1.90 0.80 0.70
'p\)/laerle frame with thermal break, double 110 0.70 0.60
Non-metal frame, single pane 1.75 0.80 0.70
Non-metal frame, double pane 1.05 0.70 0.60
Glass Block 0.60 0.60 0.60

A.2.11.4 Field Inspection

Visually verify locations and number of skylights match expectations from plan review.

! Derived from IECC Tables C303.1.3(1&3)
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1. Verify make and model number of skylights; get product specifications from the on-
site construction superintendent, if available.

2. Verify that the values on the National Fenestration Rating Council (NFRC) label
(example: Figure 5042(2)) attached to the installed fenestration products match the
U-factor values shown on the drawings and energy code compliance documentation.

3. Request copies of the NFRC certificates or product labels from the construction
manager or the authority having jurisdiction (AHJ). Only these three forms of NFRC
certifications are acceptable:

a. NFRC label affixed to the fenestration product

b. NFRC site-built procedure label certificate (either affixed to building or
included in compliance documentation)

c. NFRC Component Modeling Approach (CMA) label certificate (either affixed
to building or included in compliance documentation).

4. If no label or certificate is available:
a. Use the default values presented in Table 5043.

b. Record skylight type, frame type, size, and number of panes.
A.2.12 5056 Continuous Air Barrier
A.2.12.1 Measure Description/Applicability

Building shall meet continuous air barrier requirements.

1. This measure will not apply to tenant fit-outs where no envelope construction is being
undertaken.

A.2.12.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

N/A C402.4.1 C402.5.1 5.4.3.1 5431 5431

This item is mandatory and will be recorded the same way for all of the compliance paths
(Prescriptive, Trade Off, or Performance).

A.2.12.3 Plan Review
Review construction details for the roof, wall, and floor assemblies to determine if compliant air-

barrier materials have been specified on the building plans.

1. Check to see if leakage testing is specified. Where testing is specified, testing results
should be verified in field.

2. Check that materials and assemblies specified meet the code requirements.
Materials deemed to comply are presented in Table 5056.
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Table 5056.1 Materials deemed to comply with air barrier requirements

Material Minimum Thickness to Comply (in inches)

Plywood 3/8
Oriented Strand Board 3/8
Extruded Polystyrene Insulation Board Y%
Foil-back polyisocyanurate Insulation Board %
Closed cell spray foam (min. density 1.5 pcf) 15
Open cell spray foam (density 0.4-1.5 pcf) 4.5
Gypsum board Y%
Cement Board Y
Built up roofing membrane N/A
Modified bituminous roofing membrane N/A
Fully adhered single-ply roofing membrane N/A
Portland cement parge 5/8
Gypsum Plaster 5/8
Case in place concrete N/A
Precast concrete N/A
Fully grouted concrete block N/A
Sheet Steel N/A
Sheet Aluminum N/A

A.2.12.4 Field Inspection

Visually verify envelope for evidence of air sealing.

1. Verify that the air-barrier materials documented on the building plans are installed in
the field. Look for evidence of air sealing between air-barrier materials in areas that
are exposed.

2. Verify that the air barrier is continuous between wall and roof assemblies and
between wall and floor assemblies.

a. Note:Insul ati on must be in contact with an
passing through the insulation, as would occur if installing the insulation
directly under the roof deck or on top of a sheetrock ceiling. Ceilings with
removable tile will not prevent air movement and are not considered air
barriers.

3. Review the inspection notes from the authority having jurisdiction (AHJ) to determine
if an air-sealing inspection has been conducted.

4. Request documentation to determine if the air barrier has been commissioned.

Note leakage rate; review the air leakage testing results if the testing option was
taken.
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A.2.13 5077 Stair and Shaft Vent Leakage
A.2.13.1 Measure Description/Applicability

Doors and other openings to shafts, chutes, stairways, and elevator lobbies must be sealed.
Shaft dampers shall be low leak and closed during normal building operations.

1. This measure will apply based on occurrence of shafts and stairways.
2. This measure will not apply to tenant fit-outs.

A.2.13.2 Code Requirement
| ECC ASHRAE 90. 1
2009 2012 2015 2007 2010 2013

502.4.5 C402.4.5 C402.5.5 6.4.3.4.1 6.4.3.4.1 6.4.3.4.1

This item is mandatory and will be recorded the same way for all of the compliance paths
(Prescriptive, Trade Off, or Performance).

A.2.13.3 Plan Review

In the architectural drawing set, locate a floorplan to count the number of stairwells and shafts.
Log all information under the Stair and Shaft Vent Leakage section of the Additional Envelope
Measures Tab.

1. Find door schedule to determine if doors and other entries to shafts/chutes/stairways
are specified to be sealed. Log under Weather Stripping.

2. In the mechanical drawing set, locate a fan schedule to determine if the vents are
specified to be closed during normal operation. Log under Normal Operation.

3. Determine if a leakage rate is present for vents and fans.

a. Wheref ans/ vents/ dampers are | abeled as Cl as
requirementsao

b. Where no | eakage information is present,
requirementsao
A.2.13.4 Field Inspection

Visually verify that locations of vents and shafts match expectations from plan review.

1. Verify doors and other openings to shafts, chutes, stairways, and elevator lobbies
are sealed as required. Note: This may include gaskets, weatherstripping, and other
sealing.

2. Verify stair and shaft vents have motorized, low-leak dampers as required and are
configured to be closed during normal operation.

a. Visually inspect dampers to see if they are closed.

3. Verify model numbers or other information matches expectations from plan review.
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A.2.13.5 QA and Data Transfer

Record damper and door condition per the designations provided in the Additional Envelope
Measures section of the data collection form from one of the following choices, based on data
entered in the field data collection form:

1. Dampers normally closed; Good weather stripping and seals; Dampers meet leakage
requirements.

2. Dampers normally closed; Poor weather stripping and seals; Dampers meet leakage
requirements.

3. Dampers normally closed; Good weather stripping and seals; Dampers do not meet
leakage requirements.

4. Dampers normally closed; Poor weather stripping and seals; Dampers do not meet
leakage requirements.

Dampers normally open; Good weather stripping and seals.

Dampers normally open; Poor weather stripping and seals.
A.2.14 5083 Vestibule
A.2.14.1 Measure Description/Applicability

Building entrances shall be protected with an enclosed vestibule. Vestibules are required based
on climate zone and code selected. Unless specifically exempted, this measure is considered
mandatory.

1. Projects in Climate Zones 1 and 2 do not require a vestibule.

2. For all other projects, mark AYeso under appl
requirement.

A.2.14.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

502.4.7 402.4.7 402.5.7 5434 5434 5434

This item is mandatory and will be recorded the same way for all of the compliance paths
(Prescriptive, Trade Off, or Performance).

A.2.14.3 Plan Review
Not all doors will require a vestibule. Find architectural floor plans. Typically ground or first floor
will have all entrances. Air curtain will be found on electrical or mechanical floor plans.

1. Log the number of entrances on the Additional Envelope Measures form.

2. Log the number of entrances that show a vestibule.

a. Review door schedule or other notes to determine if timing of vestibule doors
is set to open the doors at the same time or independently.
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3. Log the number of entrances that show an air curtain.

a. Review air curtain operations or other notes to determine if air curtains are
scheduled to be adjusted and commissioned.

A.2.14.4 Field Inspection

On site, walk around to all building entrances. Confirm number of entrances.
1. Document number of entrances with vestibule installed.

a. Walk through vestibule to determine if doors open at the same time or
independently, and document result.

2. Document the number of entrances with air curtain installed.

3. Note any discrepancies on entries from plan review.
A.2.145 QA and Data Transfer

For applicability of this measure, review the following:

1. For projects in Climate Zones 1 and 2, mar k i
explanation.

2. For all other projects, determine if vestibule is required based on the applicable code.
Factors in determining compliance include:

a. Doors not intended for use by the public will not require vestibules.

b. Doors opening directly from a sleeping or dwelling unit will not require
vestibules.

c. Revolving doors do not require vestibules (though adjacent accessible
swinging doors do).

d. Doors that open into a space that is below a size defined by the code under
which the building was designed (this will range from 1,000 sq. ft.i 3,000 sq.
ft.).

If all doors on a building meet an exception to compliance, mark applicabili t y as @ANod and |
primary exception.
Code condition should be selected based on installation of a vestibule or an air curtain:
1. Vestibule installed; Interior/exterior doors open different times.
2. Air curtain installed; Air curtain adjusted properly (allowed under ASHRAE 90.1-2013
only)
Select Plan Review condition based on review of data collection form:

1. Sel ect i Ve st intenot/egterior doors apenl diéfatent times; Air Curtain
with vestibuled i f both a vestibule and an air curtai

2. Sel ect fVest intenof/egteribr doors a@penldéfedenttimeso by veri fying
on door schedule that openers for the interior and exterior doors are independent or
the doors are not automatic.
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3. Sel ect fAVest interiol/egteribrdaors @penlsametimed by veri fying
door schedule that openers for the interior and exterior doors are not independent.

4. Sel ect AAi r CAirCurtain adjusted mdpexlyol & do;r al | pl an revi
conditions with an air curtain.

5. Air Curtain Installed; Air Curtain not adjusted properly. This option will never apply to
plan review, see Field Inspection notes for use in field.

6. Se | eNo vestibule or air curtaininstalleddo f or doors that are requi
vestibule but do not.
Select inspection condition based on the following:

1. Select AVest i blotdrier/extenosdoad opea different times; Air Curtain
withvestibuled6 i f both a vestibule and an air curtai

2. Sel ect fiVe st intenol/egteribr daors apenl dfatenttimesd i f wal ki ng
through the vestibule and seeing the doors open at different times.

3. Sel ect fAVest interiol/egteribrdoors epenlsametimed i f wal ki ng t hi
the vestibule and seeing the doors open at the same time.

4. S e | eNo vestibule or air curtain installedo i f ibule is ingaded. Do not select
this option if the site visit occurs too early for the vestibule to be fully installed. Note
that site visit occurred before installation.

A.2.15 5089 Fenestration Orientation
A.2.15.1 Measure Description

Windows must be oriented in accordance with ASHRAE specifications: the area of the vertical
fenestration facing south must be greater than the area facing west AND the area of
fenestration facing south must be greater than the area facing east.

1. This measure will not apply to buildings complying with IECC.
2. This measure will not apply to buildings complying with ASHRAE 90.1-2007.
3. This measure will not apply to tenant fit-outs.

A.2.15.2 Code Requirement

| ECC ASHRAE 90. 1

2009 2012 2015 2007 2010 2013

N/A N/A N/A N/A 5545 5545

This measure will only apply to projects using Prescriptive compliance.
A.2.15.3 Plan Review
During plan review, each window will be logged under the Wall Assembly ID in which the

window is located. Each wall assembly is required to include its cardinal direction. This is the
direction the wall is facing on the exterior.
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A.2.15.4 Field Inspection

Verify number, location, and size of installed windows matches approved plans for each
orientation and that site construction matches calculations done during plan review. Note any
discrepancies. If construction varies, note potential area differences in field and from
photographs.

A.2.15.5 QA and Data Transfer

For applicability of this measure: This measure will only apply to projects using Prescriptive
compliance. Projects using Trade off or Performance, mar k appl i cability as

Code requirement for this measure will always be 0 sq. ft.

Determine Plan Review area based on review of data collection form:
1. Determine area of fenestration on South, East, and West separately.

2. Compare fenestration areas of South to East. If area East is greater than South,
record area.

3. Compare fenestration areas of South to West. If area West is greater than South,
record area.

4. Combine areas from 2 and 3 above. Enter this total under plan review.

Determine Inspection area based on review of data collection form and photographs:
1. Determine area of fenestration on South, East, and West separately.

2. Compare fenestration areas of South to East. If area East is greater than South,
record area.

3. Compare fenestration areas of South to West. If area West is greater than South,
record area.

4. Combine areas from 2 and 3 above. Enter this total under inspections.
A3 Mechanical/ Pl umbing Measures
A.3.1 6005A Packaged Air Conditioner Efficiency
A.3.2 6005B Packaged Heat Pump Efficiency
A.3.3 6005C Gas Furnace Efficiency
A.3.4 6005D Boiler Efficiency
A.3.5 6005E Water-Source Heat Pump Efficiency
A.3.5.1 Measure Description
Heating and cooling equipment must meet the minimum efficiency requirements when tested

and rated in accordance with the applicable test procedure. Alternately, efficiency may be
determined by other codes, tradeoffs, or optional efficiency measures.
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